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PREFACE 


A 

\i 

This  report  analyzes  {*1  the  characteristics  and  capabilities  of  the 
principal  institutions  that  comprise  the  science  and  technology  infrastructure 
in  Colombia,  4bA  the  potential  contributions  of  these  institutions  to  in¬ 
dustrial  development,  and  ..(of"'  opportunities  for  bilateral  cooperation  between 
these  institutions  and  related  institutions  in  the  United  States. v  Two  com¬ 
panion  reports  analyze  similar  activities  in  Nigeria  and  Malaysia.!  A  fourth 
report  presents  a  cross-country  comparison  of  some  of  the  principal  findings 
in  the  three  country  reports.  A  final  report  describes  the  methodology  used 
in  carrying  out  the  country  studies. 

-- * '-The  report  is  based  largely  on  observations  during  a  three-week  visit 
to  Colombia  in  June  1979  by  a  team  of  senior  scientists  and  engineers  from 
Cornell  University  and  on  documentation  obtained  during  the  visit.  Despite 
the  brevity  of  the  visit,  the  team  was  able  to  gain  a  number  of  insights  con¬ 
cerning  the  activities  of  research,  educational,  and  industrial  organizations 
in  Colombia.  _ 


Figure  1  identifies  those  types  of  science  and  technology  endeavors  that 
are  considered  in  the  report.  Particular  attention  is  given  to  the  inter¬ 
actions  among  these  activities  and  to  the  linkages  between  these  activities 
and  the  efforts  of  production  organizations. 


Figure  1 

FUNCTIONS  OF  THE  SCIENCE  AND  TECHNOLOGY  INFRASTRUCTURE 
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The  emphasis  is  on  science  and  technology  activities  which  relate 
directly  and  indirectly  to  manufacturing;  to  the  physical  infrastructure 
needed  to  support  industrial  development  including  transportation,  communi¬ 
cation,  power,  and  water  systems;  and  to  development  of  the  natural  resource 
base.  Science  and  technology  activities  directed  to  medicine,  public  health, 
and  nutrition  are  not  considered.  Similarly,  the  development  and  harvesting 
of  food  crops  are  beyond  the  scope  of  this  study.  However,  the  development 
and  processing  of  non-food  crops  are  considered  to  a  limited  degree. 

Special  appreciation  is  extended  to  the  Colombian  Foundation  for 
Scientific  Research  (COLCIENCIAS)  and  many  other  Colombian  organizations 
which  assisted  in  the  collection  of  much  of  the  data  presented  in  the  report 
and  provided  insights  as  to  the  problems  and  opportunities  in  the  applica¬ 
tion  of  science  and  technology  in  the  country.  Also,  the  assistance  of  the 
U.S.  Embassy  in  Bogota,  the  U.S.  Consulates  in  Cali  and  Medellin,  and  the 
Department  of  State  in  facilitating  the  study  and  providing  helpful  sug¬ 
gestions  is  gratefully  acknowledged. 
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EXECUTIVE  SUMMARY 


Colombia  should  be  in  a  good  position  to  use  science  and  technology 
more  intensively  in  efforts  to  reverse  the  decline  in  the  international 
competitiveness  of  its  manufactured  products,  expedite  development  of 
abundant  natural  resources,  and  provide  improved  services  and  job  oppor¬ 
tunities  in  rural  areas.  Colombia  has  a  large  pool  of  well  trained  man¬ 
power,  at  both  the  professional  and  blue  collar  levels,  and  considerable 
experience  in  the  design  and  implementation  of  development  programs  in¬ 
volving  modern  technologies.  In  addition,  a  recent  history  of  relative 
political  stability  and  of  an  uninterrupted  evolution  of  economic  policies 
provides  a  framework  for  sustained  growth.  Foreign  exchange  reserves  offer 
the  option  of  using  those  international  technologies  which  are  best  suited 
to  the  Colombian  environment. 

However,  if  Colombia  is  to  benefit  from  many  of  the  recent  advances 
in  science  and  technology,  several  significant  changes  in  the  institutional 
framework  for  technical  activities  seem  imperative.  First,  Government 
agencies  need  a  much  strengthened  technical  capability  to  understand  the 
direct  and  indirect  implications  of  decisions  involving  technologies  that 
are  being  made  daily,  and  particularly  decisions  concerning  foreign  direct 
investment,  international  licenses,  and  Government  procurement  of  goods 
and  services.  Secondly,  major  reforms  of  the  over-extended  university  system 
are  needed  to  restore  a  semblance  of  academic  excellence  within  at  least 
the  better  universities.  No  university  can  be  expected  to  offer  good  pro¬ 
grams  in  science  and  engineering  when  (a)  most  of  the  faculty  members  are 
part-time,  with  the  turnover  rate  of  full-time  faculty  averaging  two  to 
three  years,  and  (b)  admission  standards  have  declined  to  the  point  where 
most  of  the  entering  students  are  unable  to  complete  the  programs.  Re¬ 
lated  to  the  serious  adverse  effects  on  educational  quality  of  the  uncon¬ 
trolled  growth  of  universities  is  the  lack  of  a  manpower  planning  capability 
at  a  time  when  the  supply  of  scientists  and  engineers  is  outracing  the  demand. 
Finally,  more  effective  mechanisms  for  the  horizontal  diffusion  of  tech¬ 
nologies  within  the  country  (e.g.,  strengthened  professional  societies,  ex¬ 
panded  role  for  trade  associations,  improved  information  systems)  are  sorely 
needed. 

At  the  same  time  there  are  a  number  of  very  effective  institutions  which 
give  considerable  impetus  to  science  and  technology  efforts.  The  Foundation 
for  Scientific  Research  (COLCIENCIAS) ,  while  a  newcomer  among  Government 
agencies,  is  gradually  earning  respect  as  a  key  focal  point  within  the 
country  for  the  development  of  a  variety  of  scientific  and  technical  policies 
and  programs.  Although  underfunded  and  operating  under  a  limited  charter, 
the  caliber  of  its  staff  and  the  quality  of  its  surveys  and  reports  command 
considerable  respect.  In  the  area  of  vocational  training,  Colombia  has 
pioneered  in  the  harnessing  of  the  training  capability  of  the  private  sector 
in  preparing  needed  skilled  manpower  for  the  nation.  SENA's  on-the-job 
apprenticeship  program  at  every  firm,  in  particular,  received  praise  from 
both  industry  and  students.  Related  to  training  activities  are  the  programs 
of  technical  assistance  to  small  industry  of  several  financial  institutions, 
and  particularly  the  Popular  Finance  Corporation,  which  couple  financial  and 
technical  help  in  efforts  to  increase  productivity.  Finally,  the  strong 
capabilities  in  civil,  electrical,  and  mechanical  engineering  of  several 
local  engineering  consulting  firms  have  provided  the  technical  backbone  for 
a  variety  of  major  development  projects  throughout  the  country. 
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Many  of  the  larger  manufacturing  firms  have  been  strengthening  their 
scientific  and  engineering  staffs  in  recent  years.  About  a  dozen  locally 
owned  firms  have  research  and  development  facilities,  and  many  more  have 
quality  control  laboratories.  These  capabilities  are  important  in  the  assess¬ 
ment  and  selection  of  foreign  technologies  and  in  the  continuous  process  of 
minor  and  sometimes  major  modifications  of  production  technologies  that  are 
already  in  place.  Attention  is  frequently  directed  to  adjusting  the  capital/ 
labor  mix  and  the  mix  of  local /imported  raw  materials,  and  to  reducing 
energy  costs.  A  recent  survey  of  one  hundred  firms  reports  an  average  ex¬ 
penditure  of  0.5  percent  of  sales  on  design  engineering  and  on  process  and 
product  adaptation  activities,  with  a  subsequent  correlation  with  produc¬ 
tivity  increases.  This  type  of  technological  capability  is  central  to  the 
nation's  efforts  to  increase  the  pace  of  industrialization. 

The  large  exploration  and  development  expenditures  associated  with  current 
efforts  of  multinational  firms  to  develop  oil,  gas,  and  mineral  deposits  dwarf 
all  other  research  and  development  expenditures  within  the  country.  These 
efforts,  which  involve  a  large  number  of  highly  trained  Colombians,  should  be 
coupled  more  closely  to  the  development  of  related  capabilities  at  educational 
and  research  institutions,  and  particularly  institutions  located  in  the  areas 
of  the  country  where  the  exploration  and  development  activities  are  underway. 
Several  multinational  companies  assemble  motor  vehicles  in  Colombia.  Recent 
requirements  for  local  manufacture  of  a  portion  of  the  components  have  resulted 
in  increased  technical  capabilities  of  local  suppliers.  There  are  only  a 
few  examples  of  multinational  firms  effectively  interacting  with  research  and 
education  institutions,  and  steps  are  needed  by  all  interested  parties  to 
increase  such  interactions. 

University  research  activities  need  stronger  financial  support  and  a 
clearer  sense  of  direction.  Research  capabilities  are  particularly  important 
as  graduate  programs  begin  to  evolve.  Also,  they  help  attract  and  retain 
high  quality  faculty,  and  they  provide  a  mechanism  for  directing  considerable 
talent  to  problems  of  national  importance.  While  Colombian  universities  cannot 
aspire  to  significant  frontier  research  in  the  basic  sciences,  they  should 
seek  to  develop  strong  capabilities  in  areas  closely  linked  to  the  nation's 
resource  endowments,  especially  in  the  geo-  and  bio-sciences.  Pollution 
control  and  development  of  new  energy  sources  are  particularly  appropriate 
areas  for  research  at  the  engineering  facilities.  Finally,  there  are  too 
many  small  research  projects  of  little  significance  scattered  throughout  the 
universities.  COLCIENCIAS  should  increase  the  size  of  its  university  research 
grants,  which  are  often  only  several  thousand  dollars,  and,  if  necessary,  re¬ 
duce  the  number  of  grants  accordingly. 

The  Fulbright  Program  is  the  last  vestige  of  a  long  tradition  of  U.S. 
Government  support  for  significant  bilateral  science  and  technology  exchanges 
with  Colombia.  Fortunately,  the  very  successful  program  of  the  International 
Executive  Service  Corps  has  become  self-sustaining  in  Colombia.  The  National 
Science  Foundation  has  a  mechanism  for  supporting  joint  research  projects  in¬ 
volving  U.S.  and  Colombian  university  investigators,  but  this  program  is 
largely  dormant.  Even  the  occasional  visitors  from  the  National  Bureau  of 
Standards  and  the  National  Technical  Information  Service  no  longer  include 
Colombia  on  their  itineraries.  The  atrophy  in  bilateral  linkages  is  particu¬ 
larly  discernible  at  the  Colombian  universities  where  American  scientists  and 
engineers  are  now  rare  sights  and  where  attendance  at  technical  meetings  in 
the  United  States  is  no  longer  seriously  considered.  This  lack  of  interaction 
is  undoubtedly  one  factor  in  the  decline  in  emphasis  on  the  English  language 
at  the  universities. 
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At  the  same  time,  as  the  capabilities  of  Colombian  universities  and  re¬ 
search  institutions  increase,  the  opportunities  for  technical  exchanges  of 
interest  to  U.S.  specialists  increase.  The  principal  need  is  for  a  funding 
mechanism  which  will  enable  U.S.  specialists  to  spend  short  periods  of  time 
(1-3  months)  and  longer  (1-2  years)  visits  at  Colombian  institutions.  Also, 
support  for  attendance  by  Colombian  specialists  at  technical  meetings  in  the 
United  States  and  for  a  program  of  sabbatical  visits  to  U.S.  universities  could 
be  very  helpful.  Finally,  U.S.  Government  support  of  a  few  sustained  link¬ 
ages  between  Colombian  institutions  and  U.S.  universities  in  fields  such  as 
petroleum  engineering,  mining  technology,  food  sciences,  and  oceanography 
should  be  of  substantial  interest  and  benefit  to  both  countries. 
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THE  COUNTRY  SETTING 


Prospects  for  National  Development 

Colombia  has  considerable  potential  for  economic  growth.  Substantial 
natural  resources,  a  large  pool  of  skilled  workers  at  both  the  professional 
and  blue  collar  levels,  and  considerable  experience  in  the  planning  and  ex¬ 
ecution  of  development  programs  provide  an  optimisitic  outlook  for  national 
development.  In  the  near-term,  the  improving  access  to  energy  and  mineral 
resources  and  the  continuing  increase  in  the  world  price  for  coffee  will 
undoubtedly  boost  Colombia's  position  as  a  significant  Latin  American  country. 

Relative  political  stability  and  minimally  disruptive  transitions  of 
power  during  administrative  changes  have  characterized  Colombia  in  recent 
years.  Consistent  economic  policies  which  have  been  designed  to  support 
strongly  industrial  development  have  resulted  in  a  growth  rate  of  over  eight 
percent  per  year.  The  average  per  capita  income  of  $675  per  year  is  not  high. 
However,  the  low  unemployment  rate  of  eight  percent,  the  increasing  rate  of 
literacy,  and  the  expansion  of  social  services  are  positive  development  in¬ 
dicators.  Figure  2  presents  some  of  the  indicators  of  social  and  economic 
development. 


Figure  2 

ECONOMIC  ANO  SOCIAL  INDICATORS 
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Source:  World  Development  Report  1979,  The  World  Bank,  August  1979 


Colombia  is  a  prominent  member  of  the  Andean  Pact  which  influences  the 
nation's  position  in  both  the  regional  and  global  environments.  Andean  Pact 
membership  is  viewed  by  some  as  insurance  against  variability  of  world  market 
supply  and  demand.  Others  consider  the  Andean  Pact  as  a  political  and  economi 
counterweight  to  the  growing  influence  of  the  larger  Latin  American  countries. 
In  any  event,  many  Colombian  leaders  believe  that  the  Andean  Pact  has  already 
resulted  in  tangible  economic  benefits  for  Colombia. 
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The  manufacturing  urban  sector  has  grown  more  rapidly  than  the  agricultural 
rural  sector  in  terms  of  both  production  and  income.  The  economic  imbalances 
are  particularly  apparent  when  income  from  coffee  products  is  extracted  from 
the  agricultural  statistics.  Still,  some  progress  is  being  made,  and  the  real 
income  in  rural  areas  is  increasing  although  not  as  fast  as  income  in  urban  areas. 

Meanwhile,  the  problem  of  urban  migration  continues  to  plague  Colombia, 
with  about  66  percent  of  the  population  now  classified  as  urban.  The  prin¬ 
cipal  urban  centers  are  bulging  despite  Government  programs  to  improve  life 
in  the  countryside  through  better  educational  opportunities,  improved  social 
services,  and  jobs  associated  with  transportation  and  public  works  projects. 
Incentives  include  technical  and  financial  assistance  to  farmers  and  rural 
communities  and  prohibitions  on  industrial  expansion  in  some  urban  areas. 

However,  the  stream  of  youth  to  the  towns  and  cities  has  not  been  abated. 

Income  distribution  inequalities  exist  in  varying  degrees  among  regions, 
reflecting  unbalanced  geographical  development--between  the  industrially 
advanced  central  region  which  includes  Bogota,  Cali,  Medellin,  and  Bucaramanga; 
the  agricultural  areas  of  the  Llanos;  and  the  northern  coastal  area  frequently 
characterized  by  disabling  climatic  conditions. 

Despite  these  imbalances,  overall  economic  progress  in  Colombia  has  been 
impressive  during  the  past  several  decades.  Modern  cities  symbolize  the 
nation's  capability  to  modernize  through  the  marshalling  of  its  technical  and 
resource  base.  Also,  an  increasing  proportion  of  the  rural  population  is 
being  brought  into  the  mainstream  of  the  economy,  albeit  slowly.  However,  a 
particularly  vexing  problem  currently  facing  the  nation  that  further  aggravates 
regional  and  social  disparities  is  inflation.  Inflation  has  exceeded  20 
percent  and  has  even  been  reported  to  have  reached  30  percent. 

Industrial  Development 

Diversification  of  export  products,  assistance  to  small  and  medium  in¬ 
dustry,  and  greatly  expanded  resource  exploration  are  three  of  the  keys  to 
the  current  industrialization  strategy.  In  the  past,  industrial  policies 
were  frequently  directed  to  encouraging  import  substitution  efforts  of  the 
larger  firms  (e.g.,  over  200  employees).  However,  protectionist  policies 
to  achieve  a  greater  degree  of  industrial  self-sufficiency  are  now  considered 
to  have  reduced  the  motivation  of  local  entrepreneurs  in  seeking  internation¬ 
ally  competitive  technologies.  Also,  there  is  a  growing  belief  that  the 
large  firms  can  take  care  of  themselves.  Thus,  attempts  to  improve  export 
opportunities,  through  a  combination  of  increased  competitive  pressures  and 
Government  incentives  to  upgrade  the  productivity  of  many  types  of  firms,  dom¬ 
inate  much  of  the  discussion  of  future  industrial  strategies.  Indeed,  as¬ 
sistance  to  small  and  medium  industry  is  big  business  among  both  private  and 
public  sector  organizations  in  Colombia,  with  foreign  experts  playing  a  much 
reduced  role  in  such  efforts. 

Coffee  exports  provide  much  of  the  income  needed  for  sustaining  the 
industrialization  drive.  In  addition,  Colombia  is  endowed  with  a  wide 
range  of  other  natural  resources:  hydro  power,  oil,  coal,  natural  gas, 
emeralds,  forests,  and  limited  quantities  of  iron  ore,  nickel,  and  phos¬ 
phates.  In  the  past,  rugged  geography  has  seriously  inhibited  resource  ex¬ 
traction,  but  this  problem  is  being  overcome  slowly.  Increasing  costs  of 
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energy,  in  particular,  have  resulted  in  the  introduction  of  a  range  of  tech¬ 
nologies  which  will  help  open  up  relatively  inaccessible  areas  for  resource 
development. 

Growth  of  the  Education  Sector 

The  zeal  for  education  is  strong.  By  the  rrp'J-1970's  school  enrollment 
had  reflected  a  sixfold  increase  over  enrollment  in  1960.  Colombia  has  boasted 
of  a  higher  percentage  allocation  of  its  national  budget  to  education  than 
any  other  Latin  American  country.  Expenditures  for  education  nearly  equal 
expenditures  for  all  other  social  services  combined.  Figure  3  depicts  the 
growth  of  the  school  population  during  the  past  several  years. 
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The  education  system  has  been  reformed  and  much  improved  in  recent  years, 
particularly  at  the  primary  and  secondary  levels.  Conventional ly,  the  educa¬ 
tional  path  includes  basic  primary  education,  secondary  education  through 
middle  school,  and  several  forms  of  higher  education.  Vocational  and  academ¬ 
ic  training  are  available  at  a  number  of  public  and  private  institutions. 

Regional  difference  and  rural-urban  differences  have  caused  some  problems, 
particularly  as  students  migrate  to  take  advantage  of  educational  opportuni¬ 
ties  in  different  parts  of  the  country.  However,  increasing  enrollments  at  all 
levels  indicate  progress  in  promoting  a  truly  national  effort.  Literacy  rates 
have  risen  significantly  as  would  be  expected. 

The  recurrent  political  upheaval  at  the  universities,  and  particularly 
at  Nacional  University  in  Bogota,  are  highly  disruptive  and  severely  retard 
efforts  to  upgrade  the  faculty  and  curriculum.  In  addition,  these  disruptions 
have  increased  the  traditional  reluctance  of  industry  to  rely  on  universities 
for  research  and  technical  support.  Although  unlikely  to  stop  completely, 
political  demonstrations  appear  to  be  less  frequent  than  in  the  past  and  in¬ 
creasingly  less  tolerated  by  administrators. 

Many  serious  problems  as  to  the  quality  of  education  have  resulted  from 
the  very  rapid  expansion  of  universities  in  recent  years.  There  has  been  a 
very  discernible  decline  in  admission  standards  and  student  performance  re¬ 
quirements  at  even  the  best  universities.  Such  a  trend  will  not  be  reversed 
in  the  near  future  in  view  of  the  weak  preparation  at  many  of  the  secondary 
schools,  the  excessive  course  loads  for  instructors,  and  the  inadequacies  of 
many  of  the  laboratories  and  related  facilities  to  accommodate  the  large  stu¬ 
dent  influxes. 

Trade  and  Technology  Ties  with  the  United  States 

The  United  States  is  Colombia's  most  important  trading  partner,  accounting 
for  more  than  40  percent  of  Colombia's  coffee  trade  and  more  than  50  percent 
of  the  trade  in  other  agricultural  products.  Coffee  in  turn  accounts  for  two- 
thirds  of  export  revenues  with  total  foreign  exchange  holdings  having  reached 
$2.3  billion  in  1978.  Over  30  percent  of  Colombia's  imports  are  from  the 
United  States.  Colombia's  trade  within  the  Andean  Common  Market  and  the  Latin 
American  Free  Trade  Association  is  limited  but  growing  steadily. 

Despite  the  current  emphasis  on  export  industries,  the  international  com¬ 
petitiveness  of  non-traditional  products  has  declined  in  recent  years.  The  new 
five-year  plan  to  be  released  in  late  1979  is  expected  to  reveal  some  policy 
modifications  directed  to  improving  the  levels  of  Colombian  production  tech¬ 
nology  and  industrial  productivity.  Specifically,  such  modifications  might 
call  for  the  gradual  reductions  of  selected  tariffs,  improved  procedures  for 
access  to  foreign  technologies,  and  joint  efforts  by  Government  and  industry 
in  technology  assessment  and  choice. 

The  integration  and  foreign  trade  policies  of  the  Andean  Pact  affect 
technological  development,  directly  and  indirectly.  For  example,  provisions 
concern  national  product,  specialization  and  development,  regional  and  inter¬ 
national  tariff  policies,  limitations  on  foreign  direct  investment,  and  re¬ 
strictions  on  licensing  and  royalty  fees..  Indeed,  the  flow  of  technology 
has  been  a  major  concern  of  the  Andean  Pact. 
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Considerable  political  controversy  focuses  on  the  effects  of  Andean 
Pact  policies  on  the  flow  of  technology  to  Colombia.  Some  multinational 
firms  argue  that  prohibitions  on  licensing  agreements  between  parent  and 
subsidiary  firms  and  on  capitalization  of  technology  have  inhibited  upgrading 
and  innovation  in  existing  facilities  and  investments  in  new  facilities. 

Other  companies  have  adjusted  readily  to  the  current  investment  regulations. 

The  Colombian  leadership  apparently  believes  that  market  competition  between 
foreign  sources  of  technology  will  propel  the  technology  transfer  process 
under  these  regulations. 

Scientific  and  technological  ties  with  the  United  States  are  strong.  U.S. 
investment  in  Colombia  is  substantial.  U.S.  construction,  product,  and  indus¬ 
trial  standards  are  an  important  component  of  the  Colombian  scene.  Products 
made  in  the  United  States  and  local  replicas  of  U.S.  products  are  every¬ 
where  to  be  seen.  About  3,000  Colombian  students  are  enrolled  in  universities 
and  colleges  in  the  United  States,  and  graduates  of  leading  U.S.  educational 
institutions  can  be  found  in  almost  every  Colombian  institution  of  any  size. 

Many  Colombian  scientists  and  engineers  live  in  the  United  States  while  re¬ 
taining  strong  ties  in  Colombia.  In  short,  the  American  influence  is  ap¬ 
parent  throughout  the  country,  and  anti-American  rhetoric  is  seldom  encoun¬ 
tered  at  the  personal  level.  Conditions  are  indeed  favorable  for  the  further 
strengthening  of  ties  between  the  U.S.  and  Colombian  science  and  technology 
communities. 
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THE  INSTITUTIONAL  FRAMEWORK  FOR 
SCIENCE  AND  TECHNOLOGY 


The  Range  of  Science  and  Technology  Institutions 

Government  agencies,  industry,  and  other  organizations  in  Colombia  are 
investing  sizeable  resources  in  the  development  of  science  and  technology 
capabilities  throughout  the  country,  convinced  that  these  investments  will 
contribute  to  the  economic  and  social  development  of  the  country.  In  the 
near  term,  principal  attention  is  on  preparation  of  the  technical  manpower 
that  can  choose  and  use  effectively  a  wide  range  of  technologies  from  abroad. 
For  some  years,  the  technology  transfer  process  has  been  characterized  by  a 
continuing  series  of  minor  engineering  modifications  and  occasional  major  ad¬ 
justments  in  imported  technologies.  Now  there  is  particular  concern  whether 
the  basic  technologies  that  are  being  employed  are  the  most  appropriate  and 
whether  modifications  are  taking  full  advantage  of  the  raw  materials  of  the 
country  and  the  opportunities  for  adding  value  locally.  In  the  longer  term, 
current  investments  in  manpower  and  facilities  are  expected  to  increase  the 
indigenous  component  of  technologies  that  are  used  in  Colombia  through  em¬ 
ployment  of  the  products  of  local  research  and  development  activities. 

As  indicated  in  Figure  4,  many  public  and  private  organizations  are 
involved  in  some  aspect  of  science  and  technology.  Figure  5  describes  the 
national  budget  for  science  and  technology.  The  institutions  which  are  in¬ 
volved  vary  considerably  in  their  capabilities  and  technical  orientation. 
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For  example,  of  the  75  or  more  universities  currently  in  place,  only  a 
handful  are  capable  of  providing  high  quality  undergraduate  educations  in 
the  sciences  or  engineering.  Several  of  the  industrial  laboratories  could 
be  characterized  as  research  laboratories,  but  most  of  them  confine  their  ac¬ 
tivities  to  quality  control  and  routine  testing.  Some  public  institutions 
such  as  EC0PETR0L--  the  organization  responsible  for  the  development  of  the 
nation's  petroleum  resources--  have  very  strong  technical  staffs  while  the 
technical  departments  of  some  of  the  ministries  are  not  comparably  staffed. 

An  interesting  feature  of  the  Colombian  scene  is  the  large  number  of 
analytical  groups  with  strong  capabilities  in  policy  areas  involving  science 
and  technology.  In  the  private  sector,  for  example,  the  Foundation  for  Higher 
Education  in  Cali,  the  SER  Research  Institute,  and  FEDOSAROLLO  (the  "Brookings 
Institution"  of  Colombia)  conduct  a  variety  of  studies  on  issues  of  near-term 
importance  to  the  Government,  and  it  seems  likely  that  these  independent  as¬ 
sessments  command  an  interested  audience  throughout  the  country. 

Conspicuously  absent  are  strong  professional  societies  which  can  serve 
as  meeting  grounds  for  technical  specialists  working  on  related  problems  in 
different  types  of  institutions  around  the  country.  Most  of  the  professional 
meetings  that  are  held  are  confined  to  local  areas.  A  broader  approach  to 
foster  professional  ties  could  be  an  important  aspect  of  encouraging  the  in¬ 
ternal  diffusion  of  scientific  and  technological  knowledge. 

National  Policy  Organizations 

As  in  most  developing  countries,  the  Planning  Department  and  the  Ministry 
of  Finance  play  key  roles  in  the  formulation  of  policies  and  budgets  that  in¬ 
fluence  many  aspects  of  science  and  technology.  The  Planning  Department  is 
particularly  influential  in  Colombia  because  of  the  high  quality  of  economists 
that  have  traditionally  been  associated  with  that  organization. 

A  number  of  agencies  have  responsibilities  in  the  area  of  technology 
transfer,  leading  to  some  confusion  as  to  procedures  and  uncertainty  as  to 
policies.  The  Planning  Department  approves  all  foreign  direct  investment. 

The  Foreign  Trade  Agency,  INCOMEX,  approves  all  import  requests.  The  Global 
Licensing  Committee  reviews  for  INCOMEX  "packages"  of  imports  to  support 
large  industrial  operations.  The  Royalty  Committee  reviews  all  licensing 
arrangements.  The  Central  Bank  approves  all  technical  assistance  arrangements 
in  the  private  sector.  Should  Government  capital  be  involved  in  the  tech¬ 
nology  transfer  arrangements,  the  Industrial  Development  Institute  ( I F I )  may 
play  a  role. 

In  the  education  and  training  area,  the  Ministry  of  Education  and  the 
Ministry  of  Labor  have  the  principal  policy  responsibilities  at  the  national 
level.  Other  ministries  which  have  specialized  manpower  needs  may  also  sup¬ 
port  training  programs,  and  of  course  the  states  play  a  key  role  at  the  local 
level . 

The  Ministry  of  Education  has  delegated  much  of  the  responsibility  for 
the  planning  and  accreditation  of  higher  educational  institutions  to  The 
Institute  for  the  Development  of  Higher  Education  (ICFES).  This  institution 
was  established  many  years  ago  with  the  assistance  of  the  Ford  Foundation  and 
now  plays  a  decisive  role  in  determining  the  future  direction  of  higher  edu¬ 
cation  in  the  country. 
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Also  reporting  to  the  Ministry  is  the  Institute  for  Financing  Education 
and  Technical  Training  Abroad  (ICETEX).  Originally  established  to  administer 
international  educational  exchange  programs,  which  have  always  been  an  important 
dimension  of  Colombian  educational  efforts,  ICETEX  now  also  administers  a  pro¬ 
gram  of  scholarships  at  educational  institutions  within  Colombia. 

A  third  agency  reporting  to  the  Ministry  of  Education  is  the  Foundation  for 
Scientific  Research  (COLCIENCIAS)  which  was  established  in  the  early  1970s 
to  promote  scientific  research  at  several  Government  research  institutes  and 
at  the  universities.  Its  formal  responsibilities  include: 

--  to  facilitate  the  financing  of  plans,  programs  and  projects 
pertaining  to  science  and  technology,  principally  research- 
oriented  programs; 

--  to  provide  the  coordinating  link  between  research  programs  in 
the  public  and  private  sectors; 

--  to  maintain  a  current  inventory  of  existing  resources  pertaining 
to  the  field  of  science  and  technology  in  the  country; 

--  to  establish  and  maintain  an  effective  information  network  to 
disseminate  research  results  and  other  relevant  materials; 

--  to  help  sponsor  Colombian  delegates  to  international  symposia 
on  science  and  technology,  as  well  as  assist  them  in  study  and 
preoaration  for  their  participation  in  the  conference; 

--  to  procure  increased  funds  from  the  public  and  private  sectors, 
on  national  and  international  levels,  for  the  development  of 
science  and  technology; 

--  to  finance  and  manage  Government  sponsored  projects  related  to 
educational  and  scientific  development; 

--  to  establish  financial  and  honorary  incentives  for  research  and 
publications  concerning  research. 

Within  the  Ministry  of  Labor,  the  specialized  agency  SENA  was  established 
explicitly  for  the  purpose  of  improving  the  skilled  manpower  pool  throughout 
the  country  and  now  has  a  range  of  formal  and  informal  training  programs.  How¬ 
ever,  there  is  some  uncertainty  as  to  the  relationship  of  SENA  activities  to 
the  activities  of  the  Ministry  of  Education.  More  recently,  the  Ministry  has 
established  a  new  technology  unit  concerned  with  promoting  labor-intensive 
technology. 

Many  other  ministries  are  also  responsible  for  important  technological 
programs.  The  Ministry  of  Economic  Development  plays  a  central  role  in  determining 
industrial  development  paths,  and  through  IFI  and  the  Popular  Finance  Corporation, 
provides  important  financial  support  for  selected  activities.  The  ministries 
responsible  for  developing  components  of  the  physical  infrastructure  determine 
the  priorities  and  specifications  of  major  projects  and  set  the  policies  governing 
the  selection  of  contractors  and  the  general  character  of  their  approaches. 

As  an  example  of  a  regional  activity,  the  CVC  corporation  in  Cali  has  often 
been  compared  to  the  TVA  although  their  objectives  and  activities  are  somewhat 
different. 
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The  Effectiveness  of  COLCIENCIAS 


COLCIENCIAS  has  slowly  but  surely  established  its  credentials  as 
an  important  policy  and  program  body  within  the  Colombian  Government. 

The  leadership  of  the  organization  has  survived  two  changes  of  Government, 
and  its  programs  have  continued  without  disruption  and  with  steadily  in¬ 
creasing  financial  support.  Figure  6  outlines  the  current  COLCIENCIAS  or¬ 
ganization.  Figure  7  describes  the  COLCIENCIAS  budget. 


Figure  6 

ORGANIZATION  OF  COLCIENCIAS 


COLCIENCIAS  has  been  operating  under  three  severe  handicaps.  First,  it  is 
subordinate  to  the  Ministry  of  Education  which  is  not  an  influential  body  in 
affecting  policies  and  programs  of  other  Government  agencies  responsible  for  the 
development  of  the  nation's  capabilities  in  health,  agriculture,  and  industry. 
Secondly,  it  is  a  latecomer  on  the  scene  where  other  Government  agencies  have 
traditionally  resisted  the  influences  of  outside  organizations.  Finally,  its 
charter  is  rather  narrowly  drawn,  and  it  could  be  interpreted  as  restraining 
the  organization  from  becoming  significantly  involved  in  the  applications  of 
science  and  technology. 

Despite  these  handicaps  COLCIENCIAS  is  making  its  presence  felt.  Of 
greatest  importance,  COLCIENCIAS  has  attracted  and  retained  very  talented 
individuals  to  staff  positions.  Secondly,  the  organization  has  compiled  and 
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published  important  information  as  to  the  current  state  of  Government  and 
university  science  and  technology  activities  to  buttress  arguments  con¬ 
cerning  the  need  for  coordination  and  neglected  areas.  Finally,  COLCIENCIAS 
has  strong  international  ties,  including  ties  with  international  development 
agencies  which  fund  projects  of  interest  to  many  Colombian  organizations. 

Still,  COLCIENCIAS  has  a  long  road  ahead  in  its  efforts  to  improve  the 
application  of  science  and  technology  to  development  of  Colombia.  Only  recently 
has  the  organization  been  invited  to  participate  in  interagency  discussions  of 
specific  technology  transfer  proposals,  and  in  most  cases  COLCIENCIAS  is  in¬ 
formed  of  Governmental  decisions  on  technological  choices  after  the  fact.  The 
inventorying  of  industrial  research  activities  throughout  the  country  is  just 
beginning,  and  critical  assessments  of  the  quality  of  Government  research  and 
development  activities  have  not  yet  been  attempted.  While  the  organization 
has  made  a  good  start  in  focusing  Government  attention  more  sharply  on  critical 
issues  in  science  and  technology,  additional  high  quality  analytical  work  of 
a  more  controversial  nature  will  be  essential  in  the  years  ahead. 

Perhaps  the  most  important  area  requiring  intensified  COLCIENCIAS 
attention  is  the  agency's  extra-mural  research  program.  While  more  than 
700  research  projects  have  been  funded  in  recent  years  at  a  cost  of  $3 
million  to  COLCIENCIAS,  the  payoff  from  the  programs  can  and  will  be 
questioned.  Specifically,  there  appear  to  be  some  unrealistic  expectations 
as  to  how  Government  research  institutes  and  universities  can  impact  on 
industry.  Research  projects  carried  out  in  universities  in  particular  should 
not  be  oversold  as  providing  near-term  solutions  to  commercial  problems. 

Also,  many  of  the  research  projects  are  pitifully  small--with  COLCIENCIAS 
funding  often  limited  to  a  few  thousand  dollars.  Such  funding  levels  are 
hardly  likely  to  result  in  meaningful  research  results,  nor  are  they  suffi¬ 
cient  to  attract  and  retain  high  quality  researchers  who  have  competing  job 
offers  from  private  industry.  Consideration  should  be  given  to  increasing 
the  size  of  research  grants,  and,  if  necessary,  reducing  the  number  of 
grants.  In  any  event,  the  total  size  of  the  COLCIENCIAS  external  research 
budget  is  very  small,  and  a  good  bellwether  of  the  significance  of  the 
agency  on  the  local  scene  will  be  the  growth  of  this  budget  in  the  years 
ahead. 

The  Importance  of  Institutional  Linkages 

The  Planning  Department  and  COLCIENCIAS  are  the  essential  organizational 
mechanisms  for  providing  a  greater  degree  of  coherence  to  many  uncoordinated 
and  often  conflicting  policies  among  the  agencies  at  the  national  and  state 
levels  involved  ir  science  and  technology.  Many  of  the  problems  have  been 
recognized,  and  over  time  the  coordination  and  effectiveness  of  complementary 
programs  should  improve. 

Coordination  of  Government  policies  and  programs  with  the  activities  and 
interests  of  the  private  sector  is  another  story,  and  few  effective  mechanisms 
for  strengthening  the  linkages  between  public  and  private  organizations 
concerned  with  industrial  development  exist.  At  the  top  of  the  priority 
list  is  the  need  for  more  effective  approaches  to  the  assessment  of  foreign 
technologies  of  interest  to  industry  that  will  also  be  scrutinized  by  Govern¬ 
ment.  Over  the  years  a  number  of  approaches  have  been  attempted  including 
the  establ i  ;hment  of  Government  research  institutes,  the  establishment  of 
public/private  technical  associations  (e.g.,  plastics,  metallurgy),  and  most 
recently  the  establishment  of  public/private  research  institutions  directed 
to  upgrading  local  technological  approaches  (e.g.,  sugar,  forestry).  The 
Planning  Department  is  keenly  aware  of  the  need  for  stronger  capabilities 
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to  assess  foreign  technologies  in  areas  such  as  textiles  and  metal  working 
and  recognizes  that  such  assessments  must  be  carried  out  by  or  for  those 
entrepreneurs  interested  in  acquiring  the  technologies.  How  this  capability 
is  also  to  be  linked  to  the  Government  agencies  involved  in  the  approval 
process  is  the  problem. 

The  universities  and  industry  not  interact  effectively  despite  the 
large  number  of  part-time  instructors  at  the  universities  from  industry  and 
the  continuing  competition  among  industrial  firms  for  the  best  graduates  of 
university  science  and  engineering  departments.  Industry  generally  considers 
university  activities  to  be  somewhat  abstract  and  divorced  from  the  real 
problems  of  production  while  the  university  faculties  are  usually  so  busy 
with  routine  course  work  that  they  have  little  time  to  concern  themselves 
with  industrial  activities.  In  several  cases,  such  as  at  the  Santander  In¬ 
dustrial  University,  specialized  units  have  been  established  to  provide 
research  and  related  service  for  industry.  While  these  activities  have  been 
helpful  for  the  small  entrepreneurs ,  they  seem  to  be  of  little  interest  to  the 
larger  firms.  Greater  exposure  to  industry  at  the  universities,  perhaps 
through  lecture  series  and  joint  reports  on  research  activities,  should  be 
feasible  in  many  cases.  In  addition,  greater  industrial  representation  on 
university  advisory  groups  could  increase  interactions. 

In  a  few  cases  industry  has  taken  the  initiative  to  draw  on  the  tech¬ 
nical  capabilities  of  the  universities.  One  area  of  particular  interest  has 
been  the  measurement  and  control  of  environmental  pollution.  In  some  cases, 
the  universities  have  the  best  local  analytical  chemistry  facilities  for 
measuring  pollution;  and  industries,  usually  with  the  prodding  of  local 
Government  authorities,  have  asked  the  universities  for  help.  There  are 
instances  of  firms  donating  equipment  to  the  universities;  sometimes  the 
equipment  is  excellent,  but  on  other  occasions  it  has  not  been  helpful  and 
has  even  been  inoperative.  In  one  case,  a  company  is  planning  to  establish 
an  endowed  chair  within  an  engineering  department. 

The  vocational  training  programs  of  SENA  are  well  coupled  to  industry. 

A  two  percent  payroll  tax  levied  against  all  firms  supports  the  SENA  programs, 
including  the  apprenticeship  program  which  requires  each  firm  to  devote  five 
percent  of  its  workforce  to  SENA  apprentices  serving  in  two-year  training 
programs.  At  the  completion  of  the  training,  most  of  the  apprentices  are 
employed  by  the  same  firm.  In  addition,  industry  frequently  hires  the  gradu¬ 
ates  of  SENA  vocational  schools.  There  are  some  complaints  from  small  firms 
that  the  program  benefits  primarily  the  larger  companies  but  in  general  the 
program  is  well  received  by  industry. 

Of  special  concern  have  been  the  linkages  between  the  multinational 
companies  (MNCs)  and  local  industry.  Clearly  there  have  always  been  com¬ 
mercial  and  technical  ties  between  the  MNCs  and  their  suppliers  and  customers. 
Now,  with  the  advent  of  requirements  for  local  manufacture  of  a  percentage 
of  the  components  for  items  assembled  in  Colombia,  these  technical  ties 
are  being  strengthened.  The  MNCs  are  becoming  far  more  interested  in  the 
quality  control  procedures  used  by  their  suppliers,  and  in  many  instances 
have  launched  major  programs  to  upgrade  the  technological  capabilities  of 
these  local  firms. 

In  addition  to  the  need  for  strong  professional  societies  previously  noted, 
a  number  of  trade  organizations  in  Colombia  should  be  in  a  position  to  assist 
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in  improving  interactions  among  industrial  and  other  groups  interested  in 
science  and  technology.  Chambers  of  Commerce  and  ANDI  have  helped  bring 
industrial  interests  closer  to  Government  on  several  aspects  of  technology 
transfer.  Another  type  of  effort  might  be  to  attempt  to  keep  industry 
abreast  of  the  problems  and  opportunities  confronting  the  engineering  and 
technical  schools. 
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EDUCATION  AND  TRAINING  CAPABILITIES 


Overview 


As  shown  in  Figure  8,  after  five  years  of  primary  education,  pupils 
ordinarily  enroll  in  a  four-year  secondary  program.  Secondary  education  is 
achieved  either  through  the  traditional  school  programs,  which  include 
vocational  options  as  well  as  academic  preparation,  or  through  the  Insti¬ 
tutes  of  Diversified  Intermediate  Education  (INEM),  which  are  specifically 
oriented  to  the  development  of  technical  and  vocational  skills.  Following 
either  of  these  programs  the  pupils  then  have  the  further  option  of  enrolling 
for  two  additional  years  of  training.  Higher  education  refers  to  all  education 
and  training  following  successful  completion  of  secondary  curriculum.  A 
technical  degree  can  be  awarded  after  three  years  of  study  at  a  polytechnical 
institute,  a  bachelor's  degree  after  four  years  at  a  university,  a  profes¬ 
sional  degree  after  five  or  six  years  at  a  university  (engineer,  doctor, 
lawyer),  and  a  master's-equi valent  degree  after  two  or  three  additional 
years.  The  Ph.D.  is  not  awarded  in  science  or  engineering  at  the  present 
time.  About  five  percent  of  the  primary  school  enrollees  enter  institu¬ 
tions  of  higher  education.  Of  these  about  40  percent  receive  degrees, 
although  the  dropout  rate  in  science  and  engineering  is  higher. 


Figure  8 
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As  expected,  the  highest  percentage  of  students  enrolled  in  programs 
of  higher  education  are  concentrated  in  the  urban  areas.  In  view  of  these 
regional  disparities,  the  Government  has  established  as  a  national  objective 
the  strengthening  of  educational  opportunities  in  the  rural  areas. 

At  present  there  are  more  than  75  universities,  including  many  recently 
established  private  universities  of  questionable  capabilities,  and  about 
20  polytechnical  institutes,  including  a  large  number  located  on  university 
campuses.  Only  a  few  of  the  universities  stand  out  as  strong  centers  of 
excellence  in  the  physical  and  engineering  sciences,  and  only  two  or  three 
of  the  polytechnical  institutes  are  recognized  as  offering  solid  technical 
educations.  The  history  of  political  disruptions  at  the  public  universi¬ 
ties  has  had  a  devastating  impact  on  the  attitutes  of  many  students  toward 
academic  responsibilities  at  many  institutions--homework  is  not  given  a  high 
priority,  and  examinations  are  not  taken  seriously.  Many  parents  have  there¬ 
fore  sought  enrollment  for  their  children  at  private  institutions,  which 
explains  in  part  the  rapid  prol iteration  of  universities. 

The  growth  of  enrollment  in  higher  education  is  impressive,  having 
risen  from  85,000  in  1970  to  over  237,000  in  1977.  There  has  been  a  very 
slow  growth  in  the  percentage  of  students  enrolled  in  the  physical  and 
natural  sciences.  On  the  other  hand,  enrollment  in  engineering  has  dropped 
from  23  percent  in  1963  to  15  percent  in  1977.  (See  Figure  9). 


Figure  9 
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The  Colombian  system  distinguishes  between  full-time,  part-time,  and 
lecture  responsibilities  among  faculty  members.  Considerably  less  than 
50  percent  of  the  faculty  members  are  employed  as  full  time.  Almost  50 
percent  are  employed  solely  as  lecturers,  usually  on  a  part-time  basis, 
with  no  student  or  research  responsibilities.  Many  instructors  hold  ap¬ 
pointments  at  several  institutions. 

With  regard  to  vocational  training  there  are  19  institutes  within  the 
INEM  system  and  over  100  vocational  schools  within  the  conventional  school 
system.  In  addition,  18  National  Service  Centers  are  operated  by  SENA, 
and  of  course  many  multinational  and  locally  owned  firms  offer  a  range  of 
specialized  training  programs  for  their  employees. 

This  growth  rate  in  education,  particularly  at  the  university  level, 
has  already  resulted  in  a  serious  underemployment  problem,  particularly 
among  engineers.  Also,  there  has  been  a  decline  in  educational  standards 
which  is  readily  acknowledged  by  Government  officials,  university  faculties, 
employers,  and  students.  Special  purpose  higher  educational  institutions 
(e.g.,  a  school  for  civil  engineers)  have  appeared  throughout  the  country  in 
response  to  the  pressures  from  all  sectors  of  society  for  education  of  the 
youth  as  a  passport  to  a  better  life. 

Criticisms  of  the  educational  system  from  within  Colombia  are  quite 
sharp.  Studies  prepared  for  COLCIENCIAS  and  FES,  for  example,  have  iden¬ 
tified  the  following  problem  areas  (Ciencia,  Technologia,  y  Desarrollo, 

Volume  3,  No.  2,  p,  167): 

1.  Lack  of  pecuniary  incentives  and  other  professional  benefits  to 
attract  and  retain  competent  professors  at  universities  and  other  training 
insti tutions . 

2.  Lack  of  integrated,  challenging  science  programs. 

3.  Lack  of  physical  facilities  and  lack  of  financial  and  staff 
capabilities  to  attend  and/or  arrange  meetings,  seminars,  and  symposia  on 
science  and  technology  issues,  either  inside  or  outside  Colombia. 

4.  Lack  of  recognition  and  status  for  research  and  for  investigators  at 
universities. 


5.  Inadequate  documentation  centers  and  library  services.  Although  many 
of  the  standard  textbooks  and  international  science  journals  are  available  to 
students,  large  new  university  libraries  frequently  have  closed  stacks,  few 
books,  and  limited  checkout  privileges  because  of  fear  of  theft.  Also,  often 
local  reports  and  journals  are  not  widely  distributed. 

6.  Faulty  maintenance  of  laboratory  and  scientific  equipment. 

7.  Lack  of  outside  consultants  and  collaborators  to  assist  university 
personnel  in  research  projects,  referring  to  the  absence  of  solid  institutional 
linkages  between  universities  and  local  industry  and  other  economic  activity. 

8.  Greater  emphasis  on  professional  counseling  for  students  than  on 
conducting  research  activities. 


9.  The  lack  of  a  serious  applied  research  atmosphere  on  campuses  which 
could  stimulate  and  coordinate  student  research  with  professional  development. 

10.  Lack  of  funds  for  research  at  universities. 

11.  Lack  of  curriculum  standardization  and  quality  control  of  specific 
degree  programs  in  science  and  technology  fields. 

Manpower  Planning 

Colombian  officials  have  become  painfully  conscious  of  the  disequilibrium 
between  technical  manpower  supply  and  demand.  Recently  initiated  efforts  to 
assess  the  supply  of  and  demand  for  engineers  and  skilled  workers  are  long 
overdue.  As  illustrated  in  Figure  10,  underemployment  of  engineers  is  severe 
and  growing  worse.  While  the  number  of  engineers  in  Colomoia  is  expected  to 
double  every  six  years,  the  demand  for  engineers  is  estimated  to  double  every 
ten  years.  Currently,  the  SER  Research  Institute  estimates  that  of  the  current 
supply  of  32,000  engineers,  only  50  percent  are  employed  as  engineers.  Other 
manpower  projections  are  being  conducted  at  the  present  time  by  SENA,  ICFES, 
UNESCO,  and  the  Dutch  Government.  Better  coordination  of  these  projects  would 
help  improve  the’>  utility.  Also,  in  1974,  C0LCIENCIAS  published  a  study  out¬ 
lining  manpower  demands  in  the  mining  and  energy  sector  which  could  provide  a 
good  comparative  basis  for  current  studies. 


One  of  the  problems  confronting  educational  planners  is  the  unpredictable 
migration  of  engineers  and  technical  specialists  to  Venezuela.  Another  problem 
is  the  variance  in  quality  of  trained  engineers  and  the  absence  of  national 
standards  for  engineering  and  technical  training  programs  and  certification. 

While  many  of  the  engineering  graduates  apparently  are  not  able  to  find 
engineering  jobs,  graduates  of  the  better  schools  and  graduates  in  particular 
fields  have  a  much  easier  employment  search. 

The  lack  of  a  clear  national  policy  or  even  an  understanding  as  to  the 
role  of  universities  and  polytechnical  institutes  in  the  development  of  Colombian 
society  is  a  basic  planning  problem.  Further,  the  Government  has  not  exercised 
effective  control  over  the  educational  growth  patterns  and  has  made  only  minimal 
attempts  to  gather  relevant  information  on  manpower  needs  and  utilization.  Also, 
there  is  a  general  feeling  as  to  the  futility  of  planning  within  the  system 
which  needs  to  be  eliminated  quickly. 

As  a  first  step,  a  Government  agency  should  be  given  clear  responsibility 
for  the  continuing  assessment  of  manpower  supply  and  demand.  The  most  logical 
choice  would  seem  to  be  the  Planning  Department  which  could  then  draw  on  other 
agencies  and  on  private  sector  institutions  to  help  carry  out  needed  analyses. 

The  Planning  Department  is  in  a  good  position  to  relate  such  analytical  efforts 
to  the  policy  and  program  decisions  that  are  made  throughout  the  Government 
that  affect  manpower  trends.  Also  of  importance  is  the  regular  publication  of 
available  projections  which  can  be  of  assistance  to  the  educational  community 
in  planning  expansions  or  modifications  of  existing  programs  and  to  students 
who  are  confronted  with  career  choices. 

Graduate  Education 

The  entire  area  of  graduate  education  in  science  and  engineering,  and 
indeed  in  other  fields  as  well,  is  in  a  state  of  disarray.  There  are  no 
national  standards  or  policies  in  this  area,  and  each  university  determines  its 
own  approach. 


GRADUATE  PROGRAMS 
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As  shown  in  Figure  11,  graduate  programs  are  offered  in  eleven  science 
and  engineering  disciplines  at  selected  universities.  Some  of  these  programs 
are  continuing  education  programs  and  offer  certificates  after  a  few  months  of 
study.  A  few  are  designed  to  produce  M.S.  graduates,  but  none  offer  doctoral 
programs.  In  some  cases  research  is  carried  out  by  the  students  as  part  of  the 
M.S.  degree  requirements,  but  the  pattern  is  inconsistent.  There  are  no  ac¬ 
creditation  procedures. 

ICFES  has  become  aware  of  the  many  inconsistencies  throughout  the  country 
in  graduate  education  and  is  attempting  to  formulate  an  approach  to  the  problems 
in  this  area.  Among  the  issues  that  should  be  explored  are: 

1.  What  is  the  likely  demand  for  advanced  degree  holders  and  how  can 
this  demand  be  stimulated? 

2.  Should  centers  of  excellence  in  different  disciplines  be  encouraged? 

3.  What  constitutes  legitimate  graduate  education? 

4.  What  is  the  optimal  rate  of  growth  of  graduate  programs  in  the 
various  disciplines? 

5.  What  are  the  foreign  language  requirements  for  advanced  degrees  in 
science  and  engineering? 

There  are  considerable  pressures  to  expand  graduate  programs,  particularly 
from  faculty  members  with  Ph.D.s  earned  abroad  who  see  graduate  programs  as  the 
primary  vehicle  for  enabling  them  to  pursue  their  research  interests.  Further, 
COLC I ENC I AS  research  grants  have  had  a  stimulating  effect  on  involving  graduate 
students  in  research  activities. 

At  the  same  time,  the  facilities  and  equipment  needed  to  start  graduate 
programs  can  be  expensive,  and  the  demand  for  graduates  with  advanced  degrees 
does  not  appear  great.  Therefore,  a  continuation  of  reliance  on  graduate 
degree  programs  abroad  as  the  general  rule  seems  desirable.  At  the  same  time, 
a  gradual  introduction  at  selected  universities  of  graduate  programs  of  high 
quality  should  be  encouraged. 

Undergraduate  University  Education 

Most  of  the  full-time  faculty  members  at  even  the  best  university  science 
and  engineering  departments  are  young,  relatively  inexperienced,  and  generally 
overloaded  with  course  work,  which  may  reach  twenty-five  contact  hours  per 
week.  Typically,  the  faculty  member  will  have  an  M.S.  degree  from  a  good  U.S. 
university.  The  annual  turnover  rate  among  faculty  members  ranges  from  15  to 
40  percent,  as  industrial  salaries  are  strong  attractions  for  many  of  the  most 
promising  young  engineers  and  to  a  lesser  degree  the  young  scientists.  Thus, 
it  is  not  surprising  that  there  is  not  a  strong  sense  of  commitment  to  the 
teaching  profession  among  many  of  the  faculty  members. 

Fortunately,  at  each  of  the  universities  there  are  also  a  few  senior 
faculty  members  with  Ph.D.s,  usually  from  good  U.S.  universities,  who  are 
committed  to  the  academic  life  and  who  provide  the  continuity  and  stability  which 
allows  the  universities  to  function.  They  design  the  courses  and  orchestrate 
the  continuing  influx  of  part-time  faculty  and  individual  course  lecturers.  The 
quality  of  the  senior  professors  varies,  but  in  general  they  seem  to  provide  the 
basis  for  reasonably  good  educational  experiences  at  the  better  universities. 

As  seen  in  Figure  12,  only  a  handful  of  universities  offer  courses  in  the  sciences 
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other  than  the  medical  sciences.  Usually,  the  larger  universities  will  be 
strong  in  only  one  or  several  departments.  In  engineering,  more  than  40 
universities  offer  courses  in  one  or  more  of  27  engineering  disciplines. 
Different  universities  emphasize  different  fields  (e.g.,  civil,  electrical, 
mechanical)  even  though  they  may  offer  courses  in  other  fields  as  well.  The 
strengths  of  the  universities  are  directly  related  to  the  capabilities  of 
the  senior  professors,  including  those  who  become  the  deans  --  capabilities  to 
design  and  present  good  programs  and  capabilities  to  raise  the  necessary  funds 
to  equip  laboratories  and  related  facilities. 


Figure  12 
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During  the  past  ten  years,  the  physical  structures  that  house  some  of  the 
universities  have  improved  enormously.  The  buildings  financed  by  large  loans 
provided  by  the  Inter-American  Development  Bank  in  particular  are  quite  impres¬ 
sive.  Still,  the  enrollments  have  outgrown  the  facility  expansions,  and 
overcrowding  has  not  subsided  but  probably  has  grown  worse. 

The  laboratories  used  for  teaching  range  from  very  good  to  primitive. 
Again,  strong  departments  have  good  facilities,  while  the  weaker  departments 
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at  the  same  universities  have  poor  facilities.  The  laboratories  at  Nacional 
University  in  Bogota  are  considered  to  be  the  best.  Teaching  laboratories 
at  some  of  the  universities  are  integrated  with  research  laboratories  which 
underscores  the  importance  of  a  steady  evolution  of  graduate  education  capa¬ 
bilities  at  selected  universities  within  the  country. 

The  quality  of  the  students  at  the  universities  is  highly  variable. 

Admission  standards  have  been  lowered,  particularly  at  the  public  universities, 
and  this  trend  has  also  influenced  admission  policies  at  the  private  universi¬ 
ties.  Thus,  it  is  not  surprising  that  dropout  rates  at  the  science  and  en¬ 
gineering  faculties  at  the  better  universities  frequently  reach  60-70  percent. 
Some  of  the  dropouts  transfer  to  easier  courses  while  others  simply  leave  school. 
Even  some  of  the  graduates  become  quite  skeptical  of  their  technical  abilities 
and  look  for  administrative  and  service  jobs  rather  than  technical  employment 
upon  graduation. 

The  material  covered  in  the  classroom  at  the  engineering  faculties  compares 
favorably  with  coursework  at  U.S.  universities.  However,  the  laboratory  ex¬ 
periences  are  spotty,  depending  on  the  experience  of  the  particular  instructor 
and  the  availability  of  equipment. 

With  the  rapid  expansion  of  the  student  enrollment,  there  has  been  a 
decline  in  the  capability  of  the  students  to  use  the  English  language.  Since 
many  of  the  available  books  that  are  important  sources  for  students  are  in 
English,  this  decline  in  English  competency  is  surely  having  an  impact  on  the 
material  that  can  be  covered.  Even  at  Los  Andes  University,  which  for  many 
years  prided  itself  on  its  students'  mastery  of  English,  fluency  in  English 
is  no  longer  considered  to  be  particularly  important. 

The  Polytechnical  Institutes 


The  role  of  the  polytechnical  institutes  is  not  clear,  even  to  senior 
Government  officials.  These  institutes  currently  provide  technical  and  engineering 
courses  at  a  sub-university  level,  but  the  demand  for  the  types  of  skills  that 
are  being  developed  is  questionable.  With  several  exceptions,  the  quality  of  the 
programs  is  considered  marginal  at  best,  and  attracting  and  retaining  high 
quality  faculty  is  a  major  problem.  Most  of  the  best  graduates  apparently  at¬ 
tempt  to  continue  their  educations  by  enrolling  in  the  engineering  faculties  of 
the  universities,  particularly  in  those  cases  when  the  polytechnical  institutes 
are  located  on  university  campuses. 

The  minimum  curriculum  requirements  for  these  three-year  institutes  are: 

1.  The  curriculum  be  designed  to  train  the  student  in  specific  technical 
skills  for  particular  professions; 

2.  At  least  50  percent  of  the  curriculum  be  conducted  outside  the  classroom, 
in  practical  training; 

3.  30  percent  of  the  curriculum  be  devoted  to  basic  sciences  (mathematics, 
physics,  chemistry,  biology); 

4.  50  percent  of  the  curriculum  be  oriented  toward  training  in  specific 
technologies; 
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5.  10  percent  of  the  curriculum  be  devoted  to  complementary  technologies; 

6.  5  percent  of  the  curriculum  be  devoted  to  general  humanistic  and 
cultural  studies. 

The  Role  of  the  Foundation  for  Higher  Education 

The  Foundation  for  Higher  Education  (FES)  is  a  private  non-profit  organi¬ 
zation,  which  was  established  by  civic  and  business  leaders  in  Cali  and  is 
currently  financed  at  about  $4  million  per  year,  principally  by  interest  from 
its  own  investments.  FES  is  dedicated  to  improving  higher  education  and  to  pro¬ 
moting  collaboration  between  the  private  and  public  sector  to  this  end. 

FES  finances  a  variety  of  studies  on  the  education  system,  provides 
consulting  services  to  universities  which  are  attempting  to  raise  funds  for 
various  purposes,  and  sponsors  seminars  on  topics  of  interest  to  both  the  uni¬ 
versities  and  the  business  community.  It  also  funds  selected  research  projects 
at  the  universities  and  helps  improve  the  availability  of  books  and  information 
services  for  faculty  and  students. 

Such  an  independent  capability  to  critically  examine  university  develop¬ 
ment  is  somewhat  unique  in  developing  countries.  FES  should  continue  to  play 
an  important  role  in  complementing  the  efforts  of  the  Government  to  improve 
the  educational  system. 

Overseas  Training 

Tens  of  thousands  of  Colombians  have  received  their  undergraduate  or 
graduate  educations  in  the  United  States,  with  a  large  proportion  having 
graduated  in  scientific  or  engineering  disciplines.  There  are  presently  about 
3,000  Colombians  studying  in  this  country.  Most  of  the  graduates  of  U.S. 
institutions  have  returned  to  Colombia  although  during  the  past  two  decades 
an  estimated  10,000  or  more  have  become  permanent  U.S.  residents.  Some  of  these 
Colombians  have  chosen  to  remain  in  the  United  States  because  of  the  lack  of 
opportunity  to  carry  out  research  and  other  types  of  technical  activities  in 
Colombia.  A  number  of  these  emigrees  retain  close  ties  in  Colombia  and  return 
to  that  country  frequently. 

Colombian  dependence  on  training  in  the  United  States  seems  to  be  declining, 
particularly  with  regard  to  students  sponsored  by  the  two  Governments.  This 
change  in  emphasis  has  resulted  partially  from  the  increased  educational 
opportunities  in  Colombia,  a  curtailment  of  the  AID  program  which  had  pre¬ 
viously  supported  many  of  the  students  in  the  United  States,  and  increasing 
exchange  programs  with  other  countries  including  a  number  of  Eastern  and 
Western  European  countries. 

Colombian  officials  and  students  are  well  aware  of  the  capabilities  of 
many  U.S.  universities  and  colleges,  and  they  are  in  a  g>  od  position  to  match 
student  interests  and  capabilities  with  educational  institutions  in  the  United 
States.  There  is,  of  course,  a  continuing  concern  over  admission  to  the  better 
U.S.  schools  and  a  desire  to  establish  exchange  arrangements  that  could  facili¬ 
tate  admissions.  However,  in  general,  the  problems  associated  with  Colombian 
students  obtaining  science  and  engineering  educations  in  the  United  States  are 
not  serious,  and  stronger  intervention  by  the  U.S.  Government  does  not  appear 
necessary. 
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As  previously  noted,  ICETEX  was  established  as  an  agency  to  facilitate  and 
in  many  cases  finance  student  exchanges.  In  1978  ICETEX  provided  loans  for 
250  students  in  the  United  States  and  250  students  in  other  countries.  It 
also  provides  fellowships  for  12  percent  of  the  Colombian  students  studying 
at  local  universities.  Recently  ICETEX  began  supporting  students  at  secondary 
schools.  This  organization  is  staffed  by  experienced  professionals  in  the 
field  of  education  and  has  received  many  accolades  as  an  effective  organization. 

Skilled  Manpower  Development 

The  SENA  program  of  the  Ministry  of  Labor  and  the  program  of  the  Ministry 
of  Education  form  the  core  of  the  Government's  education  and  training  programs 
to  provide  technical  training  for  immediate  employment  purposes.  While  questions 
have  been  raised  as  to  overlap  and  administrative  duplication  involved  in  these 
two  programs,  strengthening  rather  than  reorganizing  the  programs  should 
probably  receive  priority. 

The  SENA  program  employes  4,000  people  and  is  the  recipient  of  praise  from 
all  sectors  of  Colombian  society  —  the  students,  the  employers.  Government 
officials,  and  the  providers  of  the  funds.  Its  apprenticeship  program,  in 
particular,  whereby  five  percent  of  the  employees  of  every  enterprise  are 
SENA  trainees  has  been  heralded  as  an  imaginative  technique  for  harnessing  the 
training  capability  of  the  private  sector.  The  national  training  centers  of 
SENA  which  are  located  throughout  the  country  provide  specialized  training 
skills  in  areas  such  as  aviation  mechanics.  SENA  also  offers  programs  to  pre¬ 
pare  adults  for  technical  jobs  and  to  upgrade  the  skills  of  currently  employed 
technicians. 

Small  and  medium  industry  do  not  react  as  enthusiastically  to  SENA  programs 
as  the  larger  companies,  claiming  large  industry  exerts  more  effective  pressure 
on  SENA  to  develop  programs  to  match  their  needs  at  the  expense  of  smaller  in¬ 
dustry.  SENA  officials  believe  that  the  real  problem  is  lack  of  information  and 
poor  marketing  to  small  and  medium  industrialists.  As  a  result,  SENA  centers 
have  planned  to  hire  field  representatives  to  inform  managers  of  the  relatively 
low  costs  and  potential  benefits  of  the  program.  With  regard  to  SENA  management 
training  activities,  future  success  depends  heavily  on  high  quality  personnel 
recruitment  by  SENA,  which  has  been  difficult  in  the  past  due  to  more  attractive 
salaries  in  the  private  sector. 

SENA  suffers  high  rates  of  turnover  of  staff,  about  15  percent  annually 
for  both  instructors  and  consultants.  "Braindrain"  of  SENA  staff  and  graduates 
to  Venezuela  is  a  problem  at  all  levels  of  the  program.  Also,  the  program  suffers 
from  weaknesses  of  the  economic  system  to  effectively  absorb  the  high  quantity 
of  trained  technicians. 

In  spite  of  these  difficulties,  SENA  remains  a  highly  respected  program,  both 
on  a  national  and  international  level.  Trainees  are  usually  able  to  find  employ¬ 
ment  without  difficulty.  International  support  has  been  continuous  since  SENA's 
organization.  Germany,  France,  England,  and  Holland  have  provided  the  most 
consistent  funding,  while  the  UN  agencies  such  as  UNDP  and  FA0  have  also  con¬ 
tributed  to  SENA. 

The  INEM  program  offers  both  academic  and  vocational  training  and  includes 
19  training  centers  which  roughly  correspond  to  comprehensive  vocational  high 
schools  in  the  United  States.  Unlike  SENA  students,  INEM  students  are  required 


to  pay  for  their  training.  The  time  required  for  an  I NEM  degree  is  six  years: 
the  first  two  are  spent  in  the  classroom.  The  third  and  fourth  in  practical 
vocational  training,  and  the  fifth  and  sixth  specializing  in  a  particular  tech¬ 
nical  aspect  of  the  chosen  trade.  At  the  end  of  the  program,  the  graduate  has 
two  choices:  to  seek  immediate  employment  or  to  enter  an  institution  of  higher 
education. 

The  enrollment  in  INEM  programs  has  quadrupled  in  the  last  eight  years, 
and  the  number  of  INEM  instructors  has  increased  fivefold  over  the  same  period. 
Many  of  the  same  criticisms  lodged  against  SENA  have  been  noted  about  INEM. 

The  principal  ones  are  the  high  attrition  rate  among  instructors  and  poor 
quality  laboratory  machinery  and  equipment,  often  less  modern  than  that  of 
SENA.  Finally,  the  vocational  placement  problems  plague  INEM  administrators. 

Because  of  the  heavy  emphasis  on  SENA  programs,  the  additional  training 
activities  of  multinational  and  locally  owned  firms  are  frequently  overlooked. 
Indeed,  most  of  the  larger  companies  appear  to  have  incorporated  the  SENA  ap¬ 
prenticeship  requirements  as  an  integral  part  of  their  overall  approach  to 
employee  training.  Still,  there  are  substantial  additional  requirements  for 
training  at  all  levels  both  for  new  and  for  old  employees.  Also,  increasing 
attention  is  being  given  to  assisting  in  the  training  of  employees  of  suppliers 
and  customers  as  requirements  for  local  manufacture  of  components  which  were 
previously  imported  increase  and  as  the  opportunities  for  introducing  more 
sophisticated  products  into  the  marketplace  expand. 


25 


Figure  13 

TECHNOLOGY  INTERESTS  OF  COLOMBIAN  MANUFACTURERS 
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CAPABILITIES  IN  ADAPTATION,  DEVELOPMENT,  AND  RESEARCH 
Technology  Trends 

Most  of  the  basic  technologies  currently  employed  in  Colombia  have  been 
imported  or  are  a  reproduction  of  technology  developed  abroad.  This  reliance  on 
foreign  technology  will  undoubtedly  persist  in  the  years  ahead.  In  the  longer 
term,  Colombian  officials  are  hopeful  that  through  a  combination  of  careful 
regulation  of  imported  technology  and  a  concurrent  strengthening  of  the  tech¬ 
nical  capabilities  of  local  firms  and  of  the  supporting  technological  institu¬ 
tions,  a  greater  degree  of  technological  self  reliance  will  emerge. 

Already  Colombia  exhibits  a  considerable  degree  of  automomy  in  the  selection 
of  technologies  that  are  to  be  used.  The  technical  staffs  of  many  of  the  larger 
firms  are  aware  of  technologies  available  around  the  world  in  their  particular 
areas  of  interest,  and  they  are  capable  of  making  wise  technological  decisions. 
However,  the  Government  agencies  are  not  equally  confident  in  the  technical 
basis  for  their  decisions  that  affect  the  introduction  of  technologies  which 
should  be  best  suited  to  Colombian  conditions.  For  example,  I F I  has  abolished 
its  technology  staff  despite  its  continuing  involvement  in  high  risk  projects 
involving  foreign  technology.  Similarly,  small  industry  is  generally  not  aware 
of  the  technological  options  for  upgrading  the  quality  of  their  products  and  for 
increasing  productivity.  Even  when  they  know  the  types  of  technologies  that 
would  be  most  appropriate  for  their  needs,  they  are  uncertain  as  to  the  inter¬ 
mediate  steps  between  current  production  practices  and  full  utilization  of  such 
technologies.  Thus,  it  is  not  surprising  that  the  issue  of  improved  capabili¬ 
ties  for  assessing  and  choosing  technologies  is  a  high  priority  item  for  the 
Planning  Department. 

The  technology  used  throughout  much  of  the  industry  reflects  a  continuing 
process  of  acquisition  of  foreign  technologies  followed  by  a  series  of  minor 
modifications,  and  occasional  major  changes,  over  the  years  to  adjust  the  tech¬ 
nologies  to  particular  Colombian  requirements,  with  special  attention  to  the 
most  desirable  labor/capital  mix,  imported/local  raw  materials  mix,  maintenance 
concerns,  and  energy  costs.  The  changes  are  particularly  noticeable  in  the 
ancillary  and  supporting  operations  surrounding  the  core  process  (e.g., 
loading,  finishing,  packaging).  Figure  13  gives  an  indication  of  the  sources  of 
technologies  used  at  a  number  of  industrial  facilities  in  the  country  and  re¬ 
flects  the  hybrid  nature  of  technology  that  is  now  commonplace  throughout  the 
country. 

Figure  14  dramatically  reflects  the  benefits  derived  by  one  of  the  nation's 
leading  food  companies  from  the  wise  choice  and  installation  of  modern  pro¬ 
duction  lines  based  on  foreign  technology.  The  technology  involves  a  combination 
of  equipment  from  several  countries  adapted  to  Colombian  conditions.  In  addi¬ 
tion  to  increased  profits  for  the  entrepreneur,  employment  opportunities  at  the 
plant  and  among  suppliers  of  the  firm  and  distributors  of  the  products  have 
increased,  and  an  improved  product  is  reaching  more  customers  throughout  the 
country.  A  number  of  bankrupt  companies  attest  to  the  penalties  associated  with 
the  poor  selection  of  technology.  A  well  known  example  of  such  poor  selection 
is  the  metal  working  firm,  Forjas.  In  the  1960s  Forjas  purchased  equipment 
from  abroad  to  produce  outdated  tractor  treads  which  had  no  market.  The  com¬ 
pany  has  been  in  receivership  since  the  early  1970s. 
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As  previously  noted,  a  number  of  Government  agencies  are  involved  in  the 
regulation  of  industrial  investments  and  of  technology  transfer  arrangements . 
Figure  15  summarizes  the  types  of  licensing  arrangement  approved  during  a  recent 
period.  Figure  16  categorizes  the  reasons  why  a  number  of  licensing  applications 
have  been  denied.  Despite  the  extensive  reviews  of  the  economic  merits  of 
licensing  applications,  however,  political  factors  often  override  all  other 
arguments  in  decisions  on  major  projects.  For  example,  the  recent  Government 
decision  to  approve  production  of  metal  containers  rather  than  plastic  contain¬ 
ers  for  beer  was  inevitably  influenced  by  the  political  orientation  of  the 
interested  parties. 


Figure  15 

CHARACTERISTICS  OF  APPROVED  LICENSING  ARRANGEMENTS 
(101  Cases) 


Objective 


Form  of  Payment 


Sector 


Source:  Clencla, Technolog1a,y  Desarrollo,  Bogota.  2(1):  130,  145,  137,  139 
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Figure  16 

REASONS  FOR  LICENSING  DENIALS 


Reason  No.  of  Denial s 

Similar  production  in  ColomDia  without  royalties  101 
Technology  already  assimilated  in  Colombia  53 
Negative  effect  on  balance  of  payments  37 
Excessive  payment  relative  to  national  benefits  30 
Other  72 


Source:  Ciencia,  Tecnologia,  y  Desarrollo,  Bogota,  2  (1!:  U2,  February- 
March,  1 978 


Many  suggestions  have  been  offered  as  to  steps  that  could  be  taken  to  ac¬ 
celerate  the  flow  of  technology  from  abroad  and  at  the  same  time  strengthen  local 
technological  capabilities.  Figure  17  presents  a  series  of  recommendations  in 
this  regard  from  a  June  1979  seminar  involving  U.S.  and  Colombian  business  in¬ 
terests. 


Figure  17:  VIEWS  OF  BUSINESS  COMMUNITY  ON  TECHNOLOGY 
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Capabilities  of  the  Private  Sector 

The  exploration  and  development  activities  of  the  U.S.  oil  and  mineral  com¬ 
panies  operating  in  Colombia  (e.g.,  Exxon,  Texaco,  Hanna)  involve  expenditures 
of  a  different  order  of  magnitude  than  all  the  other  research  and  development 
expenditures  in  the  country  combined  ti.e.,  hundreds  of  millions  of  dollars 
vs.  tens  of  millions  annually).  Given  the  significant  number  of  high  quality 
Colombian  technical  personnel  employed  by  these  companies  and  by  the  Government 
and  quasi -Government  organizations  (e.g.,  ECOPETROL)  working  with  the  companies, 
the  technological  know-how  transferred  through  these  activities  should  be  very 
substantial.  Consideration  should  be  given  to  how  the  Colombian  universities  and 
other  technical  institutions  can  relate  more  effectively  to  these  activities  in 
the  area  of  the  country  where  they  are  underway.  For  example,  should  Exxon 
expand  activities  on  the  north  coast,  opportunities  for  company  interactions  with 
universities  and  technical  schools  in  Baranquilla  should  be  explored. 

A  second  area  of  technological  activity  that  is  frequently  overlooked  is 
the  extensive  exploration  and  engineering  work  associated  with  large  Government 
development  projects,  and  particularly  those  involving  dams,  roads,  electrical 
systems,  and  communication  networks.  Much  of  the  engineering  and  construction 
work  is  still  carried  out  by  international  firms  although  Colombia  has  developed 
a  significant  capability  in  these  areas  during  the  past  several  decades,  particu¬ 
larly  with  regard  to  construction  activities.  While  the  standards  and  the  basic 
technologies  involved  have  been  developed  abroad,  still  substantial  adaptations 
are  frequently  required.  For  example,  foundations  must  be  adapted  to  soil 
conditions,  the  properties  of  local  materials  used  in  construction  activities 
must  be  carefully  considered,  and  allowances  must  be  made  for  maintenance  or 
other  problems  that  may  be  encountered  after  a  system  is  operational.  Several 
Colombian  engineering  consulting  firms  are  particularly  strong  in  civil, 
electrical,  and  mechanical  engineering,  and  they  can  handle  such  problems  with 
little  difficulty. 

A  recent  survey  of  100  large  and  medium  manufacturing  firms  in  Colombia 
indicates  an  average  expenditure  of  0.5  percent  of  sales  on  design  engineering 
and  product  modification  activities.  This  survey  also  reports  a  correlation  of 
increased  productivity  with  such  expenditures,  allowing  for  an  appropriate 
time  delay.  Indeed,  at  most  firms  the  capabilities  of  the  engineers  have 
become  a  very  important  determinant  as  to  the  types  of  technologies  that  are 
employed  and  the  degree  to  which  innovations  are  considered  by  management. 
Frequently,  these  firms  have  formal  or  informal  ties  with  engineering  staffs 
abroad  which  in  many  cases  are  used  simply  to  review  local  technical  judgements 
and  thereby  add  an  important  confidence  factor.  At  the  same  time,  some  firms 
show  little  interest  in  technical  change  since  as  long  as  they  enjoy  a  pro¬ 
tected  market  there  is  little  financial  incentive  to  innovate. 

About  a  dozen  locally  owned  firms  operate  research  laboratories.  Most  of 
the  activities  could  best  be  described  as  adaptive  research  (e.g.,  paint  de¬ 
terioration  at  high  altitudes),  but  some  reflect  entry  into  new  fields  (e.g., 
ore  beneficiation) .  In  several  cases  these  laboratories  reflect  an  upgrading 
of  facilities  that  had  previously  been  devoted  to  quality  control,  and  of 
course  there  are  many  additional  quality  control  laboratories.  However,  research 
as  a  concept  has  not  been  generally  accepted  by  the  industry.  One  research 
director  urged  that  his  activity  not  be  referred  to  as  "research"  lest  his 
management  terminate  financial  support  for  his  operation.  One  serious  inhibition 
to  the  funding  of  research  is  the  current  rate  of  inflation.  Since  research  is 
in  large  measure  an  investment  in  the  future,  it  is  difficult  for  investments  in 
research  to  compete  with  financial  investments  which  return  30  percent  interest. 
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Some  of  the  multinational  firms  have  good  laboratory  facilities  in  Colombia. 
The  Dow  facility,  for  example,  is  concerned  largely  with  new  uses  of  plastic 
products  and  to  this  end  assists  potential  customers  in  determining  the 
suitability  of  plastics  for  a  variety  of  applications.  The  Chrysler  facility 
is  a  sophisticated  motor  vehicle  quality  control  and  testing  laboratory.  A 
major  task  is  to  help  upgrade  the  technology  capabilities  of  the  suppliers  of 
vehicle  components,  and  this  facility  provides  a  good  base  for  that  mission. 
However,  in  general  the  research  carried  out  by  the  multinational  firms  is 
limited  in  scope  with  significant  activities  concentrated  in  facilities  in  the 
United  States.  IBM  has  contributed  a  computer  to  the  SER  Research  Institute 
and  is  providing  advice  on  systems  analysis  techniques.  This  type  of  capability 
is  clearly  needed  in  the  country,  and  the  Institute  is  directing  its  new  capa¬ 
bilities  to  the  analysis  of  national  manpower  requirements  in  response  to 
Governmental  requests. 

Two  important  research  facilities  are  supported  in  whole  or  in  part  by 
the  private  sector.  The  Coffee  Research  Institute,  which  has  a  chemical  analysis 
facility  in  Bogota  as  well  as  its  agricultural -oriented  activity  in  Cali,  and 
the  recently  established  Sugar  Research  Institute  enable  Colombia  to  stay  abreast 
of  world-wide  developments  that  could  affect  important  agriculture  products 
as  well  as  to  identify  opportunities  to  increase  the  production  and  utilization 
of  these  crops.  This  type  of  research  on  natural  products  of  considerable 
importance  to  the  nation  should  be  strongly  encouraged. 

The  Role  of  G overnment  Research  Institutes 

As  a  result  of  substantial  investments  by  the  Colombian  Government  and  a 
number  of  international  agencies  during  the  past  two  decades,  the  Institute  for 
Technological  Research  ( 1 1 T )  is  one  of  the  best  equipped  Government  research 
facilities  in  Latin  America.  This  institute  provides  a  valuable  function  for 
the  Colombian  Government  as  a  principal  resource  for  keeping  abreast  of  techno¬ 
logical  developments  in  the  industrial  field  Also,  it  has  been  assigned 
significant  responsibilities  in  providing  information  and  advisory  services  to 
industry,  and  particularly  small  industry.  At  the  same  time,  however,  there  have 
been  unrealisitic  expectations  as  to  the  like! 'hood  that  such  an  institute  would 
be  able  to  develop  new  products  and  processe->  wh  <_n  would  have  a  major  impact 
on  the  commercial  activities  and  interests  of  the  private  sector.  Even  in  the 
development  of  new  food  technologies,  which  are  usually  cited  as  the  institute's 
principal  success  stories,  there  is  some  question  as  to  whether  such  activities 
really  stimulated  industry  or  were  simply  carried  on  in  parallel  with  comparable 
industrial  efforts. 

Other  Government  research  institutes  exist  in  the  fields  of  marine  sciences, 
natural  resources,  and  cement.  Also  a  new  research  institution  has  just  been 
established  in  the  area  of  forestry  which  will  probably  be  a  public  sector 
undertaking.  In  these  areas,  the  coupling  of  research  activities  with  pro¬ 
duction  interests  should  be  easier  than  in  the  area  of  manufacturing.  The 
Government  plays  a  substantial  role  in  the  development  of  the  nation's  resources 
and  is  the  principal  customer  for  the  cement  industry.  In  all  of  these 
areas,  there  are  many  opportunities  to  link  research  activities  with  the  interests 
of  the  universities  through  student,  faculty,  and  researcher  exchange  arrangements. 

Several  Government  agencies  have  specialized  technology  and  quality  con¬ 
trol  laboratories.  ECOPETROL  operates  one  scientific  and  three  engineering 
laboratories .  ECOMINAS,  the  national  mining  company,  operates  two  laboratories, 
and  the  Ministry  of  Works  has  a  very  small  quality  control  facility.  1NSCREDIAL, 
the  National  Land  Credit  Institute,  has  an  engineering  laboratory  directed  to 
building  standards  and  construction  techniques. 
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Research  at  the  Universities 

Research  expenditures  at  the  universities  have  grown  substantially  in 
recent  years  although  the  total  support  is  still  only  $5  million  per  year. 
Figure  18  indicates  the  sources  of  funding.  As  shown  in  Figures  19  and  20, 
over  1,000  investigators  are  involved  in  formal  research  programs  at  28 
universities.  Figure  21  depicts  the  recent  growth  of  research  at  the  uni¬ 
versities  by  general  field  of  interest.  In  short,  there  is  a  little  money, 
a  lot  of  interest,  and  an  uncertain  potential.  There  are  countervailing 
views  which  question  the  payoff  from  university  research  and  argue  that 
such  efforts  detract  from  educational  responsibilities  of  faculty  members 
who  are  already  overloaded  with  teaching  responsibilities.  However,  the 
fundamental  issue  is  not  whether  research  is  important  at  the  universities, 
but  rather  the  issues  are  what  type  of  reasearch  and  how  much. 


Figure  18 


SOURCES  OF  UNIVERSITY  RESEARCH  FUNDS 
(1977) 


Source:  Research  at  Colombian  Universities, 
COLCIENCIAS ,  1978 


Figure  19 

DISTRIBUTION  Of  UNIVERSITY  RESEARCH  FUNDS 
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UNIVERSITY  RESEARCH  :  PROJECTS,  COSTS 
(1977) 

INVESTIGATORS 

No.  of 
Universities 

Projects 

Cost 

Investiqators 

Basic  Sciences 

17 

248 

$1.56  M 

428 

Engineering 

14 

66 

.82 

138 

Health 

9 

in 

.86 

210 

Agriculture 

10 

44 

.25 

64 

Social  Sciences 

18 

137 

1.22 

215 

TOTAL 

68 

606 

$4.71  M 

1055 
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It  is  highly  unlikely  that  for  the  foreseeable  future  Colombia  will  be  able 
to  carry  out  research  of  an  international  caliber  in  the  basic  sciences,  i.e., 
physics  and  chemistry.  Therefore,  major  research  efforts  directed  to  exploring 
the  frontiers  of  science  in  these  areas  seem  hardly  justifiable.  However,  there 
are  a  number  of  derivative  sciences,  and  particularly  the  bio-and  geo-sciences, 
which  couple  closely  to  the  resource  endowments  of  the  country  and  which  should 
,  receive  considerable  attention.  Concentration  in  these  areas  would  in  turn  help 

j  orient  the  efforts  in  the  more  basic  sciences  to  higher  payoff  areas.  For  ex¬ 

ample,  research  efforts  in  marine  sciences  --  one  of  the  derivative  sciences  -- 
in  turn  draws  on  physics  studies  of  acoustical  properties  of  the  sea  and  on 
chemistry  studies  direct  to  chemical  contaminants  in  coastal  areas.  Similarly, 
concentration  on  geological  investigations  requires  work  on  the  physical  prop¬ 
erties  of  the  earth  and  on  chemical  analyses  of  geological  formations. 

> 

With  regard  to  research  efforts  at  the  engineering  facilities,  there  have 
t  been  some  unrealistic  expectations  that  such  efforts  could  impact  directly  on 

J  the  commercial  interests  of  entrepreneurs  in  innovation.  At  present,  some  of 

■j  the  effort  at  engineering  facilities  is  being  directed  to  the  revival  of  inter- 

mediate  technologies.  The  appropriate  technology  group  Los  Gaviotos  is  in  a 
sense  a  spinoff  organization  from  the  engineering  faculty  at  Los  Andes  University. 
There  are  other  important  areas  of  applied  technology  where  the  engineering 
faculties  can  be  helpful  to  industry.  A  current  example  is  in  pollution  control, 
both  in  measuring  and  analyzing  levels  of  pollution  near  industrial  facilities 
and  in  designing  pollution  abatement  equipment.  The  University  of  Antioquia 
has  major  contracts  from  a  local  industry  in  both  of  these  areas.  University 
^  research  in  food  technology  and  plastics  is  also  being  emphasized,  but  the 

i  commercial  payoff  is  not  yet  apparent. 
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Many  of  the  research  projects  at  the  universities  are  very  small  and  are 
of  short  duration.  It  is  not  surprising  that  discernible  impacts  of  such 
projects  are  difficult  to  uncover.  Also,  such  small  projects  do  not  serve  as 
effective  magnets  fur  attracting  and  retaining  the  interest  of  promising  young 
scientists  and  engineers  who  have  other  employment  options.  Clustering  research 
activities  in  larger  and  longer  term  programs,  which  would  inevitably  mean  sharp 
reductions  in  the  total  number  of  research  programs  in  the  absence  of  major 
increases  in  the  availability  of  funds,  seems  preferable  to  the  current  approach 
of  mini -projects  scattered  throughout  the  universities. 

The  perceived  lack  of  payoff  to  date  from  university  research  efforts 
highlights  the  need  for  improved  interactions  between  the  universities  and  the 
industrial  sector  in  specialized  technical  areas.  In  addition  to  the  examples 
previously  cited,  there  have  been  other  cases  of  collaborative  programs  under¬ 
taken  between  universities  and  industry.  For  example,  Exxon  has  recently  entered 
into  a  contract  with  Los  Andes  University  for  assessments  of  the  likely  socio¬ 
logical  impact  of  a  major  program  to  develop  the  coal  resources  along  the  north¬ 
eastern  coast  of  the  country.  Many  of  the  universities  have  ambitious  plans  to 
engage  the  local  industrial  communities  in  a  range  of  activities,  and  some 
have  established  special  organizations  directed  to  this  end.  However,  at  the 
present  time  the  number  of  significant  research  projects  that  are  of  joint  in¬ 
terest  to  both  the  universities  and  industry  are  few.  As  discussed  below,  there 
is  a  far  broader  range  of  interactions  in  the  areas  of  routine  testing  and  tech¬ 
nical  advisory  services  for  small  industry. 
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SCIENCE  AND  TECHNOLOGY  SERVICES 


Information  Systems 

For  a  number  of  years  COLCIENCIAS  has  attempted  to  develop  an  approach  to 
a  national  information  system.  The  framework  for  such  a  system  is  set  forth  in 
Figure  22. 


Figure  22 

NATIONAL  INFORMATION  SYSTEM 
(Decree  No.  2733;  1973) 


Initially,  considerable  emphasis  was  given  to  the  designation  of  five 
universities  to  serve  as  regional  information  hubs.  Each  of  these  universities 
was  to  emphasize  a  somewhat  different  set  of  information  priorities  oriented  to 
the  needs  of  the  particular  region.  However,  this  concept  did  not  work  very 
well.  Most  importantly,  universities  are  not  well  coupled  to  production  activi¬ 
ties  in  Colombia.  Also,  the  educational  information  systems  of  the  universities 
are  deficient  in  many  regards  and  do  not  provide  a  strong  basis  on  which  to 
build  regional  information  networks. 

The  current  approach  calls  for  a  distinction  among  information  for  statistical, 
educational,  and  applied  production  uses.  Combinations  of  Government  ministries 
and  appropriate  research  institutions  have  been  assigned  responsibilities  in 


36 


r 


various  sectors.  COLCIENCIAS  plays  largely  a  coordinating  role  with  very  limited 
funding  responsibilities.  As  would  be  expected  with  such  a  distribution  of 
responsibilities,  there  are  some  very  good  and  some  very  weak  aspects  in  the 
overall  information  scene. 

One  of  the  weakest  links  is  the  information  support  for  private  sector 
manufacturers.  Perhaps  it  is  unrealistic  for  the  Government  to  play  a  signi¬ 
ficant  role  in  assisting  firms,  except  the  very  smallest,  obtain  the  specialized 
information  they  need  for  day-to-day  decisions  and  operations.  Most  of  the 
larger  companies  have  extensive  informal  information  networks  --  domestically 
and  internationally  --  and  the  smaller  firms  seem  more  interested  in  observing 
rather  than  reading  about  improved  processes.  Still,  printed  documentation  of 
a  somewhat  general  character  has  a  role  to  play  within  almost  every  firm. 

Also,  the  economies  of  scale  argue  for  some  types  of  information  systems  that 
transcend  the  information  systems  developed  by  individual  firms. 

The  Chambers  of  Commerce  and  the  National  Association  of  Industries  (ANDI) 
are  probably  in  a  better  position  than  the  Government  agencies  in  keeping 
abreast  of  private  sector  interests  in  providing  timely  access  to  technical  infor 
mation.  Greater  attention  should  be  given  to  how  these  organizations  might  ex¬ 
pand  their  information  activities  currently  targetted  on  national  economic 
policies  into  broader  areas  and  how  such  activities  could  relate  to  Government 
efforts  in  the  information  field. 

During  the  early  1970s  both  UNESCO  and  the  OAS  pressed  hard  for  the  estab¬ 
lishment  of  centralized  documentation  centers  throughout  the  developing  countries 
While  these  and  other  external  agencies  are  now  committed  to  greater  emphasis 
on  user-oriented  approaches,  there  still  is  inadequate  attention  to  the  inter¬ 
ests  and  capabilities  of  the  users  of  information. 

With  regard  to  national  planning,  COLCIENCIAS  has  gathered  and  published 
considerable  quantitative  information  concerning  the  nation's  science  and  tech¬ 
nology  base.  However,  if  this  information  is  to  be  meaningful,  evaluative 
reports  are  also  needed.  Perhaps  several  of  the  local  non-profit  study  groups 
could  be  encouraged  to  assist  in  critical  analyses  of  the  effectiveness  and 
impact  of  selected  science  and  technology  activities  supported  by  the  Government. 
In  addition,  COLCIENCIAS  publishes  an  important  journal  which  provides  a  forum 
for  airing  national  science  and  technology  issues. 

Colombia  has  a  reasonably  well  developed  publishing  industry.  Many  research 
institutes  and  universities  regularly  publish  their  findings  in  various  journals, 
but  principally  journals  of  the  individual  institutions.  Unfortunately,  few  pub¬ 
lications  are  in  English  or  contain  English  summaries.  There  clearly  is  a  sig¬ 
nificant  language  barrier  in  bringing  Colombian  achievements  into  the  mainstream 
of  international  science  and  technology. 

Direct  Assistance  to  Small  Industry 

A  variety  of  organizations  have  programs  of  assistance  for  small  entre¬ 
preneurs.  Government  agencies,  research  institutes,  financial  institutions, 
private  organizations,  and  external  agencies  provide  a  variety  of  services  of 
varying  quality  and  impact.  The  lack  of  coordination  among  these  efforts  is 
striking. 

All  of  the  organizations  seem  to  recognize  the  importance  of  entre¬ 
preneurial  attitudes  and  capabilities  in  their  efforts  to  upgrade  productivity. 
The  sharp  orientation  of  entrepreneurs  toward  foreign  technologies  and  their 
skepticism  concerning  local  research  efforts  are  reflected  in  the  attitudes 
reported  in  Figure  23. 
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figure  23 

MANAGERIAL  ATTITUDES 


TOWARD  TECHNOLOGY  TRANSFER  TOWARD  BASIC  RESEARCH 


Source:  Zamorans ,  A.D.,  Sociological  Study. 
FES,  Cali,  February  1978 


The  assistance  efforts  of  three  organizations  started  out  as  being  very 
well  conceived  and  having  considerable  potential  for  high  impact. 

1.  The  International  Executive  Services  Corps  (IESC)  has  placed  many 
retired  U.S.  management  and  technical  experts  within  a  large  number  of  Colombian 
companies  during  the  past  decade.  The  success  of  this  program  is  reflected  in 
the  financial  support  received  from  clients.  Now  the  program  requires  no  ex¬ 
ternal  funding.  The  IESC  estimate  that  more  than  80  percent  of  the  experts 
are  well  placed  and  achieve  what  had  been  planned  is  probably  realistic.  The 
few  failures  are  probably  attributable  to  (a)  personal  problems  of  the  experts, 
and  (b)  problems  in  clearly  defining  the  tasks  of  the  experts  prior  to  their 
recruitment. 

2.  FICITEC  concentrates  its  efforts  on  improving  managerial  performance 
which,  in  turn,  can  lead  to  increased  productivity.  FICITEC  seems  to  operate  at 
the  cutting  edge  of  modern  management  theory  and  carefully  integrates  its  re¬ 
search  activities  concerning  managerial  behavior  and  motivations  with  high 
quality  assistance  programs  to  its  clients. 

3.  The  Popular  Finance  Corporation  (PFC)  has  an  extensive  program  of 
technical  assistance  to  the  recipients  of  loans  from  the  organization.  These 
recipients  represent  about  20  percent  of  small  entrepreneurs  in  the  country. 

The  program  was  initially  funded  by  AID.  Now  there  is  a  dual  financial  approach. 
PFC  provides  technical  information  bulletins  on  specific  production  problems 
and  sends  experts  to  requesting  firms  to  help  clarify  problems  and  define  tech¬ 
nical  approaches.  Secondly,  PFC  provides  loans,  at  slightly  reduced  interest 
rates,  for  more  detailed  technical  analyses  and  to  help  implement  technical 
improvement  programs.  However,  the  attractiveness  of  technical  assistance  loans 
does  not  seem  to  be  high. 
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Several  universities  have  outreach  programs  directed  to  small  industry. 

The  excellent  testing  facilities  of  Nacional  University  in  Bogota  are  in  high 
demand  among  industries  of  all  sizes.  At  the  other  extreme,  routine  concrete 
testing  on  relatively  simple  equipment  is  commonplace  within  many  civil  engi¬ 
neering  departments.  Perhaps  the  most  ambitious  industrial  program  is  at  the 
Santander  Industrial  University  which  is  described  in  Figure  24.  Still,  even 
with  regard  to  this  university,  many  manufacturers  are  skeptical  of  the  relevance 
of  university  activities  to  production  interests.  When  university  services 
are  free,  or  nearly  free,  industry  may  be  a  willing  partner.  When  significant 
costs  to  industry  are  involved,  industrial  interest  fades  quickly. 


Figure  24 

ORGANIZATION  FOR  INDUSTRIAL  RESEARCH  AND  EXTENSION 
{Industrial  University  Santander) 
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The  technical  assistance  programs  of  SENA  have  not  been  as  successful  as 
the  apprenticeship  programs.  Recognizing  the  shortcomings  in  these  activities, 
SENA  has  recently  reorganized  the  programs  under  new  leadership.  Still  the 
problem  of  attracting  and  retaining  high  quality  staff  persists. 

I  IT  has  an  assistance  program  with  a  strong  technological  base.  The 
other  Government  research  institutes  similarly  provide  services  for  small 
entrepreneurs. 

Supporting  Technical  Activities 

The  industrial  repair  and  maintenance  capabilities  of  Colombia  do  not  seem 
to  be  a  significant  impediment  in  sustaining  the  current  level  of  technologies 
being  employee.  Most  of  the  larger  companies  have  their  own  maintenance 
crews  while  the  many  small  shops  in  most  cities  have  become  quite  expert  in 
electrical  and  mechanical  repair  work.  Spare  parts  for  sophisticated  machinery 
are,  of  course,  often  a  problem.  The  few  foreign  companies  with  well  equipped 
service  representatives  in  Colombia,  such  as  IBM  and  Varian,  seem  to  be  capital¬ 
izing  on  this  support  capability  in  attracting  new  purchasers  of  their  equipment. 
COLCIENCIAS  might  consider  a  limited  survey  of  maintenance  and  repair  capa¬ 
bilities  to  determine  if  there  are  any  easily  correctable  deficiencies  in  this 
area. 


Colombia  has  recognized  the  importance  of  industrial  standards  as  the  in¬ 
dustrial  base  of  the  country  expands.  ICONTEC  serves  as  the  focal  point  within 
the  country  for  the  development  of  such  standards.  Many  of  the  multinational 
firms  obviously  have  an  interest  in  the  development  of  such  standards  and  play  an 
active  role  in  their  development.  For  example.  General  Electric  has  spearheaded 
the  effort  for  the  adoption  of  standards  for  light  bulbs  and  other  electrical 
products. 

Many  non-proprietary  technologies  are  in  place  throughout  the  country. 

Also,  dispersed  within  the  workforce  are  experts  in  almost  every  area  of  in¬ 
dustrial  activity.  Many  of  these  experts  and  other  specialists  hunger  for 
opportunities  to  stay  abreast  of  technological  developments  in  their  fields. 

Yet  there  are  few  effective  mechanisms  for  facilitating  the  horizontal  dissem¬ 
ination  of  existing  technical  capabilities  throughout  the  economy. 

Conspicuously  absent  from  the  scene  are  active  professional  societies 
at  the  national  level  in  science  and  engineering.  While  there  are  a  few 
engineering  societies,  almost  all  of  the  significant  professional  interactions 
have  been  among  specialists  living  in  small  geographical  areas.  Similarly,  the 
trade  associations  have  not  been  particularly  effective  in  promoting  technical 
interchanges  on  a  sustained  basis.  While  the  approaches  of  professional  societies 
and  trade  associations  in  the  United  States  should  be  of  interest  in  Colombia, 
even  more  imaginative  ways  for  facilitating  the  diffusion  of  technology  should 
be  explored. 
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THE  FRAMEWORK  FOR  BILATERAL  COOPERATION 


As  Colombia  continues  to  develop  its  science  and  technology  base,  the 
opportunities  for  mutually  beneficial  cooperation  between  specialists  in  the 
United  States  and  Colombia  increase.  In  most  areas  of  science  and  technology, 
Colombian  institutions  could  benefit  considerably  from  the  U.S.  experience  over 
many  years  in  resolving  similar  problems  while  passing  through  the  earlier 
stages  of  development.  For  the  United  States,  benefits  from  collaborative 
activities  would  be  measured  primarily  in  economic  terms--  through  improved 
opportunities  for  trade  and  investment  that  often  follow  in  the  wake  of  science 
and  technology  cooperation.  In  some  areas,  such  as  the  earth  sciences,  the 
U.S.  participants  should  also  derive  significant  technical  benefits. 

The  Decline  in  Bil atera 1  Exchanges 

Ironically,  just  as  the  opportunities  for  cooperation  are  on  the  rise, 
the  U.S.  funding  mechanisms  that  have  supported  the  most  important  programs  in 
the  past  are  being  phased  out,  and  particularly  the  programs  of  AID  and  U.S. 
private  foundations.  The  occasional  visitors  from  the  National  Bureau  of 
Standards  and  the  National  Technical  Information  Service  no  longer  include 
Colombia  on  their  itineraries.  Even  the  Peace  Corps,  which  had  significant 
technical  programs,  is  leaving  Colombia.  The  atrophy  in  bilateral  linkages  is 
particularly  discernible  at  the  Colombian  universities  where  American  scientists 
and  engineers  are  now  rare  sights  and  where  attendance  at  technical  meetings  in 
the  United  States  is  no  longer  considered  seriously.  This  lack  of  interaction 
is  undoubtedly  one  factor  in  the  decline  in  emphasis  on  the  English  language 
at  universities. 

Indeed,  the  Fulbright  Program,  which  in  Colombia  is  now  heavily  oriented 
toward  science  (see  Figure  25),  is  the  last  vestige  of  the  many  successful 
exchange  programs  of  the  past.  As  previously  noted,  the  Colombian  program  of 
the  International  Executive  Service  Corps  has  become  largely  self-sustaining, 
a  tribute  to  the  effectiveness  of  that  program  in  helping  to  upgrade  the  tech¬ 
nical  and  managerial  skills  within  Colombian  industry.  For  a  few  years  the  co¬ 
operative  programs  involving  university  researchers  supported  by  the  National 
Science  Foundation  (NSF)  seemed  to  be  emerging  as  a  significant  mechanism 
for  promoting  cooperative  efforts.  For  example,  the  Engineering  Department 
of  Lehigh  University  participated  in  several  interesting  joint  research  pro¬ 
jects.  However,  much  of  the  interest  in  the  program  seems  to  have  subsided. 
Similarly,  the  NSF-administered  SEED  program,  after  a  successful  brief  life, 
has  terminated.  Thus,  the  case  for  more  effective  funding  mechanisms  that  will 
attract  and  retain  the  interest  of  high  quality  specialists  in  both  countries 
seems  clear. 


Figure  25 
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Over  the  years  AID  had  been  the  principal  vehicle  for  the  financing  of 
scientific  and  technical  exchanges  and  other  types  of  cooperative  arrangements 
in  the  physical  and  engineering  sciences.  Such  activities  had  occupied  a  very 
secondary  position  to  AIO's  major  efforts  in  the  transfer  of  financial  resources 
and  in  the  support  of  institutional  development  in  the  educational  and  agri¬ 
cultural  fields.  However,  in  view  of  the  large  size  of  the  AID  program  over  a 
sustained  period  of  25  years,  even  the  very  small  portion  of  the  program  direc¬ 
ted  to  the  physical  and  engineering  sciences  supported  substantial  activities. 

Of  particular  importance  were  the  training  components  often  associated  with 
large  loan  programs.  In  addition,  during  the  early  1970s  Colombia  was  a  test 
bed  for  a  number  of  experimental  AID  projects  in  science  and  technology  (e.g., 
use  of  sulfur  bonding  in  house  construction,  systems  approach  to  improved 
planning  in  the  construction  industry,  modelling  as  a  basis  for  water  resources 
planning,  improving  science  policy  planning  mechanisms).  Also,  at  present 
several  AID  residual  programs  address  areas  of  interest,  including  the  use  of 
low-level  technologies  in  rural  road  construction  and  technical  assistance  to 
small  industry  through  financial  institutions.  Before  all  traces  of  these 
projects  disappear,  an  evaluation  of  the  strengths  and  weaknesses  of  the  alter¬ 
native  approaches  that  were  attempted  could  be  helpful  in  the  resign  of  related 
projects  by  external  agencies.  (See  Figure  26.) 


figure  26 
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Interests  of  the  International  Development  Community 

The  programs  of  the  World  Bank  and  the  Inter-American  Development  Bank 
have  had  considerable  impact  on  industrial  development  and  on  the  educational 
system  of  the  country.  Large  physical  infrastructure  projects,  extensive  lending 
programs  of  local  banks  for  small  industry,  and  new  buildings  at  several  universi¬ 
ties  can  be  traced  to  the  activities  of  the  banks.  Recently,  the  banks  have 
added  to  their  portfolios  a  variety  of  research  programs  and  deliberately 
structured  technological  components  of  loans.  However,  information  about  such 
activities  is  not  widely  available,  and  specialists  in  the  field  of  science, 
technology,  and  development  have  difficulty  benefitting  from  the  experiences  of 
the  banks. 
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The  Organization  of  American  States  (OAS)  has  supported  many  programs  in 
science  and  technology  in  Colombia,  particularly  research  at  the  universities 
and  Government  research  institutes.  The  OAS  has  worked  very  closely  with  COL- 
CIENCIAS  in  developing  programs  not  only  in  Colombia,  but  throughout  Latin 
America.  In  view  of  this  extensive  involvement  in  Colombia,  the  OAS  is  in  a 
particularly  good  position  to  encourage  the  clustering  of  research  interests 
at  the  universities  into  larger  research  projects  with  a  greater  likelihood 
of  significant  payoff. 

The  UN  agencies  have  tradi tional ly  supported  many  programs  in  Colombia. 
Figure  27  describes  the  current  spread  of  UN  agency  interests.  Among  the  most 
important  activities  for  development  of  the  technological  base  of  the  country  are 
the  efforts  of  UNESCO  to  strengthen  the  training  of  skilled  manpower  within  the 
INEM  system.  U.S.  agencies  are  generally  unaware  of  the  activities  of  the  UN 
agencies . 


Projects  Over  $400,000 

UNESCO  -  Rural  Development 
Teachers  Tra.ning 
Scientific  Development 

I  AO  Inland  Fisheries 

I ivestocl 

UN  -  lnterurban  Roads 

Public  Administration 
base  Metals 

UNOP  -  High  Carbon  steel 

IACA  -  Radioactive  Minetals 

WHO  -  Health  Administration 


More  projects  of  the  International  Development  Research  Center  (IDRC) 
have  been  sited  in  Colombia  than  in  any  other  country  of  Latin  America,  with 
50  or  so  projects  funded  by  IDRC  at  about  S3  million.  About  one-fifth  of  the 
projects  are  economic  and  social  science  research  projects  carried  out  by  local 
institutions  to  help  clarify  the  role  of  science  and  technology  in  development 


Figure  21 


PROGRAMS  OF  UN  AGENCIES 
(1977-1981) 

Total  Funding  -  $i?lM 


Source:  Internal  UNDP  Documents,  Bogota.  6/79 


activities.  However,  obtaining  the  data  collected  during  these  projects  or 
even  obtaining  copies  of  the  research  reports  in  a  timely  manner  does  not 
seem  possible. 

Finally,  many  bilateral  agencies  support  programs  in  Colombia.  Among 
the  most  impressive  activities  are  the  educational  and  research  programs  at 
the  Photointerpretation  Center  in  Bogota  which  for  some 
supported  by  the  Dutch  Government. 

The  Future  of  Bilateral  Linkages 

Clearly,  many  Colombian  students  will  continue  to  study  in  the  United 
States.  Some  will  receive  support  from  the  Colombian  Government,  others  from 
U.S.  universities,  and  the  bulk  from  private  sources.  They  will  probably  con¬ 
tinue  to  cluster  in  New  England  and  California  although  individual  students 
will  touch  many  schools  in  almost  every  state.  Colombians  are  quite  sophis¬ 
ticated  in  choosing  appropriate  U.S.  institutions  of  higher  education  although 
they  occasionally  have  difficulty  in  locating  the  appropriate  graduate  school 
for  narrowly  defined  research  interests.  Additional  U.S.  Government  programs 
to  encourage  or  guide  studies  of  Colombians  in  the  United  States  do  not  appear 
necessary. 

What  is  sorely  needed  is  a  mechanism  for  supporting  U.S.  specialists  who 
are  invited  to  spend  short  periods  of  time  (1-3  months)  and  longer  visits  (1-2 
years)  at  universities  and  research  institutions  in  Colombia.  Related  support 
for  survey  teams  and  occasional  workshops  in  Colombia  would  also  be  useful.  In 
addition,  support  for  attendance  by  Colombian  specialists  at  conferences  in 
the  United  States  and  for  sabbaticals  at  U.  S.  universities  by  Colombian 
academics  could  be  very  important  in  reducing  the  current  isolation  which 
surrounds  research  and  educational  activities  in  Colombia.  Finally,  U.S. 
Government  support  for  a  few  sustained  linkages  between  Colombian  institutions 
and  U.S.  universities  in  fields  such  as  petroleum  engineering,  mining,  technology, 
food  sciences,  forestry,  and  oceanography  could  be  of  substantial  interest  and 
benefit  to  both  countries. 

The  recently  proposed  Institute  for  Scientific  and  Technological  Co¬ 
operation  was  originally  conceived  largely  as  a  vehicle  for  fostering  coopera¬ 
tion  with  the  advanced  developing  countries.  However,  given  the  planned  strong 
emphasis  on  research  on  global  problems,  the  number  of  bilateral  programs  that 
it  will  support  will  be  very  limited. 


The  experience  of  the  Fulbright  program  in  Colombia  should  be  carefully 
reviewed  as  a  possible  model  for  facilitating  exchanges.  The  IDRC,  which  has 
been  suggested  as  a  possible  model,  offers  less  attractive  opportunities. 
IDRC's  emphasis  on  funding  local  research  activities  with  minimal  involvement 
of  foreign  specialists  does  not  offer  a  good  model  for  facilitating  the 
transfer  of  technical  skills. 

Both  the  U.S.  and  Colombian  Governments  should  encourage  multinational 
firms  operating  in  Colombia  to  give  greater  attention  to  the  opportunities  for 
carrying  out  innovative  activities  locally  and  for  expanded  interactions  with 
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local  educational,  research,  and  technical  institutions.  The  1973  recom¬ 
mendations  of  the  National  Academy  of  Sciences  summarized  in  Figure  28 
identify  a  variety  of  approaches  that  might  be  considered  by  these  firms  in 
the  further  development  of  their  activities  in  the  country. 


Figure  28 

NAS  RECOMMENDATIONS  FOR  ACTIONS  BY  MNCs  -  1973 

1.  Assign  R,  0,  and  E  management  personnel  to  selected  LDC  affiliates. 

2.  Train  selected  management  personnel  in  economic  and  technological  development. 

3.  Provide  support  from  parent  company  to  affiliates  in  exploring  R,  D,  and 
E  opportunities  and  linkages  with  S  &  T  institutions. 

4.  Expand  training  programs  to  include  trainees  beyond  company  requirements. 

5.  Provide  career  opportunities  for  graduates  of  LDC  universities  that  are 
comparable  to  opportunities  for  graduates  of  U.S.  universities. 

6.  Combine  product-design  and  product-engineering  functions  in  l.DCs. 

7.  Expand  search  for  labor-intensive  equipment. 

3.  Reduce  number  and  variety  of  product  options  to  ease  maintenance  problems. 

9.  Ease  performance  standards  whenever  appropriate. 

10.  Increase  use  of  locally  available  mateiials. 

11.  Eliminate  expensive  packaging. 

12.  Increase  subcontracting  of  production  processes. 

13.  Use  LDC  technical  and  service  capabilities  to  extent  possible. 

14.  Use  LDC  universities  as  service  consultants  and  as  contractors  for  research. 

15.  Encourage  and  support  local  professional  societies. 

16.  Refer  interdisciplinary  problems  to  LDC  institutions. 

17.  Provide  management  internships  for  personnel  from  LDC  research  institutes. 

18.  Upgrade  capabilities  of  suppliers  to  meet  high  standards  of  quality  control 
and  increase  plant  efficiency. 

19.  Experiment  with  pilot  projects  at  LDC  institutions  and  document  and  distribute 
results  of  experiment. 

20.  Participate  in  public  service  activities,  in  cooperation  with  universities 
and  government,  in  areas  such  as  unemployment,  urban  congestion,  and 
rural  stagnation. 


Finally,  technical  workshops  which  bring  together  specialists  from  the 
United  States  and  Colombia  can  be  helpful  in  sorting  priorities,  avoiding 
blind  alleys,  and  identifying  science  and  technology  activities  of  high 
payoff.  A  very  modest  workshop  involving  the  National  Academy  of  Sciences 
about  ten  years  ago  was  a  significant  factor  in  the  decision  to  develop 
the  program  of  Colciencias. 
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can't  find  jobs.  Student  quotas 
based  on  availability  of 
facil ities. 

Santander 

Industrial 
uni versi ty 

Generally  food  facilities  and 
particularly  in  chemical  en¬ 
gineering.  Large  numbers  of 

Ph.D.s  from  US  schools. 

Extensive  linkages  through  special 
liaison  center  for  industry. 

Most  faculty  are  full-time. 

FO*  of  engineering  students 
graduate.  Graduates  find  jobs. 

Cartagena 

Uni versi ty 

Limited  space.  Inadequate  labs. 
New  computer.  Oynamic  leader¬ 
ship. 

Industrial  contacts  spotty. 

University  capability  does  not 
meet  industry  needs. 

Some  enoineermg  graduates  do 
not  find  jobs. 

Los  Andes 

Um  versi  ty 

Good  hydraulic  lab.  Other  labs 
not  adequate.  faculty  turnover 
reaches  40?  a  year  in  some 
fields. 

Invite  guest  speakers  from  innustry. 
Seeking  endowed  chair  from  industry. 

Engineering  qraduates  find  jobs. 
Appropriate  technology  group  has 
spun  off.  Seeking  additional 
research  support. 

?onti ficia 

Javeri ana 

University 

Small  but  good  facilities. 
Inadequate  for  number  of 
students.  Faculty  is  younq 
and  enthusiastic.  Good 
col  lection  of  journals. 

■  Oifficult  to  obtain  industrial 
funds.  Interested  in  working 
wi th  computer  fi rrns. 

Ml  graduates  find  jobs. 

Few  funds  for  travel. 

Colombian  School 
of  Engineering 

Snail  but  good  labs.  Mostly 
•part-time  lecturers. 

Bavaria  beer  company  donated  land. 
School  hopes  to  work  with  high- 
technoloqy  firms. 

COLCIENCIAS  provides  modest 
research  support  and  considers 
school  a  success. 

Nacional 

University 
; Bogota ) 

Best  facilities  in  country. 
Attracts  good  faculty. 

Faculty  annual  turnover 
rate  20". 

Due  to  political  unrest,  industry 
hesitates  to  use  university 
capability. 

Most  graduates  find  jobs. 

BO?  of  faculty  involved  in  some 
type  of  research  or  testing 
activities.  Many  students 
leave  because  of  student  unrest. 

SENA  Training 

Center 

(Baranqui 11a) 

Larqe,  modern,  3nd  we'1 1 -main¬ 
tained  facilities.  Labs  well 
uti 1 1  zed. 

Good  relations  with  large 
industry.  Difficulties  with  small 
industry. 

Most  graduates  find  jobs. 
Considerable  foreign  aid. 

Inversiones 

Mundial  S.A. 

BJD  Unit 

Very  small.  Impressive  concept 
and  creative  energy  of  managers. 
RSD  limited  by  facilities. 

f*v  interaction  with  universities. 

Lack  of  incentive  for  company 
management  to  support  R&0. 

Ministry  of  Works. 
Materials  Testing 
Laboratory 

Small  facility  with  relatively 
simple  equipment. 

Interacts  with  local  universities 
in  hiring  and  in  presenting 
lectures. 

Trains  own  employees.  Some 
research  on  properties  of 

Colombian  soils. 

INTEGRAL 

Consul  ting 

Engi neers 

Highly  experienced  and  well 
trained  staff.  Shortage  of 
good  experienced  enql neers. 

work  closely  with  Government  on 
variety  of  Drciects.  No  inter¬ 
actions  with  industry. 

Conduct  research  on  soils  and 
publish  reports. 

Oow  Chemical 
Laboratory 

Good  facilities.  Emphasize 
adaptive  research.  Good 
technical  staff. 

Provide  guest  lecturers  for  uni¬ 
versities.  Hire  students  for 
summer  employment.  Extensive 
interactions  with  customers. 

Chrysler  Product 

Engineering 

Laboratory 

Excellent  facilities.  Most 
effort  directed  to  product 
testing.  Good  staff. 

Contract  work  for  ICONTEC. 
Considerable  interaction  with 
suppliers. 

